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The Centenary of the Children’s Hospital in Gothenburg 


Quite recently the Children’s Hospital 
in Gothenburg has celebrated its cen- 
tenary. 

The initiative in founding a children’s 
hospital in Gothenburg was taken by a 
few far-sighted Gothenburg men. By ge- 
nereis grants they financed not only the 
builing of a hospital but also its run- 
or almost 40 years as a charity hos- 
without any support from the com- 
mun ‘y. 


ning 


I: 1856 a wealthy merchant, Mr. D. 
Car: gie, who had lost a beloved son from 


acl. dren’s disease, pointed out the neces- 


sity of founding a hospital devoted sole- 
ly to the treatment of sick children. In 
a letter to the Committee of the City Ge- 
neral Hospital he expressed these views 
and also related how impressed he had 
been from reading the report on the ac- 
tivity at the 
Hospital in Stockholm opened two years 


Crown Princess Lovisa’s 


earlier as the first children’s hospital in 
Sweden. Through his great enthusiasm 
Mr. Carnegie was able to inspire other 
people for his ideas. In the organizing com- 
mittee which was founded Dr. C. Dickson 
took a very active part. 
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The project progressed rapidly and in 
1859 on November 24th, the Children’s 
Hospital was opened in provisional pre- 
mises. It was the second hospital of this 
type in Sweden but still one of the first 
in Europe. A physician particularly inte- 
rested in pediatrics, Dr. G. Billqvist, was 
appointed to be responsible for the medical 
care. At the beginning the hospital had 
only 12 beds, but the number of out- 
patient visits was very high. After a few 
years it beds 
were needed and already within another 


became clear that more 


6 years a new and better equipped hospital 
was built. The number of beds was gra- 
dually increased to 40. That still a larger 
hospital was necessary became evident in 
the beginning of this century. During the 
time when the Children’s Hospital had been 
in activity it had been very much ap- 
preciated. As a result, the efforts which 
were made by Dr. Billqvist and his suc- 
cessor, Dr. G. Bergendal, to increase the 
funds of the hospital from private dona- 
tions were successful and it became pos- 
sible to move the hospital to a larger and 
more modern building. 

In 1909, the hospital, which at that time 
had 134 beds, was opened at the same 
place were it is still situated. Apart from 
being enlarged in 1921 so that it now has 
about 260 beds, it has largerly remained 
in its original form. 

In most ways the hospital is now or- 
ganized as a complete children’s hospital. 
As early as in 1912 it was divided into 
one medical and one surgical department. 
Since 1953 it has also had a department 
of child psychiatry. Various diagnostic 
departments have also been instituted. 
In addition, the hospital has one ward for 
prematures and sick newborns in each of 
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the two maternity hospitals of the cty, 
one convalescent home, one unit for c'iil- 
dren with cerebral palsy and another nit 
for mentally retarded children. 

In 1922, when Dr. A. Wallgren was 


appointed as head of the medical depart- 
ment, an era of intense scientific research 


started at the Children’s Hospital. It very | 
soon attained an international reputation | 


and was visited by pediatricians from all 
over the world. Until 1942, when Dr. 
Wallgren left the hospital to take over the 
Chair of Pediatrics at the Karolinska 
Institut in Stockholm, new contributions 
to various fields of pediatrics were repor- 
ted by him and his assistants. Among 
the best-known of these are the intro- 
duction of a new method of BCG vaccina- 
tion, the follow-up studies on the value of 
BCG, studies on the connection between 
erythema nodosum and primary tubercu- 
losis, the studies on aseptic meningitis, 
reticuloendothelial granuloma, and on py- 
loric stenosis. 

A milestone for the Children’s Hospital 
was the foundation of a new medical 
school in Gothenburg in 1949. In 154, 
Dr. Y. Akerrén, who had succeeded Pro- 
fessor Wallgren as head of the medical 
department, was appointed as the first 
Professor of Pediatrics at the University 
of Gothenburg. Due to this untimely death 
he held that position only until 1957. Pro- 
fessor Akerrén’s scientific work was mcstly 
devoted to newborn problems. Valu ible 
contributions were made in the fie!’ of 
treatment of asphyxiated newborns. An- 
other well-known. study by him was the 
demonstration that cretinism may ¢ 4 
cause of prolonged neonatal jaundice. 

Since the Children’s Hospital beca: ie 2 
teaching hospital its staff has expa ded 
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maikedly and the facilities for scientific 
work have improved. 
In this issue of Acta Pediatrica a series 


of papers from the Children’s Hospital 
will be presented, to give an idea of present 
activities in its Pediatric Department. 


RouF ZETTERSTROM 


M.D., Professor of Pediatrics 
University of Gothenburg 
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From the Department of Paediatrics, Children’s Hospital, University of Gothenburg 
Gothenburg, Sweden 


Juvenile Nephronophthisis. Part I 


A Genetically Determined Nephropathy with Hypotonic 


Polyuria and Azotaemia 


by O. BROBERGER, J. WINBERG and R. ZETTERSTROM 


Introduction 


The first report of an earlier unrecogni- 
zed renal disease—‘‘familial juvenile ne- 
phronophthisis’—was given in 1951 by 
Fanconi, Hanhart, von Albertini, Uhlin- 
ger, Dolivo & Prader (8). The report was 
concerned with two unrelated families 
with altogether ten children, seven of 
which were affected by the disease. Among 
these there were six boys and one girl. 
The familial accumulation and male pre- 
ponderance was the most conspicuous etio- 
logical characteristic of the new disease 
entity. Typical clinical features were 
hypotonic polyuria with azotaemia in the 
absence of arterial hypertension, eryth- 
rocyturia and more prominent albu- 
minuria. In one family all patients died 
before the age of six years. The histological 
findings seemed to be unique for this 
disease. Seven further cases have later 
been added, two by Griittner & Lenz 
(10), four by Hackzell & Lundmark (11), 
and one by Hooft, Roels & Herpol (14). 

The present communication is based 
upon a study of “juvenile nephronophthi- 


sis” in seven patients from six different 


families; it is an attempt to define the cli- 
nical and biochemical characteristics of 
this disease and to discuss the patho- 
genesis of the symptoms. Histological exa- 
mination was performed in two patients 
and found to be similar to those described 
earlier. The interpretation of the histologi- 
cal changes and the pathogenesis of the 
symptoms is, however, different from the 
earlier ones. The autopsy findings will be 
reported in a separate paper of this issue 
(15). 


Material and Methods 


The material consisted of six girls and one 
boy. The age at the first admission was 


6-16 years. Clinical and other data are pre- | 


sented in Tables 1-7 and Figures 1-5. ‘ive 


patients have died. Post-mortem examina: | 


tion was performed on two but due to the 
wishes of the parents the autopsies were only 
partial. The other three patients die at 
home. 

Alkaline phosphatase activity in } ood 
serum was determined according to Bu’h & 
Buch (3). With this method the upper 10r- 
mal limit before puberty is about 16 ° nits 
per ml serum and during puberty up t« 30. 
Endogenous creatinine in plasma and { rine 
was determined after extraction with Llc vd’s 
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JUVENILE NEPHRONOPHTHISIS. 


TABLE 1. Reason for admission and 
admitting complaint. 


Case 

l Albuminuria. Detected at routine school 
examination. No complaints. 

2 Anaemia. Detected at routine check up at 
school after an upper respiratory tract in- 
fection. No complaints. 

3 Anaemia. Tired, pale. Persistent anaemia 


detected at school examination. 


1 Elevated E.S.R. Persistent elevation of 
E.S.R. during several years. Originally 
detected by chance. No complaints. 


5 Tetany. Pains and intermittent stiffness 
of the legs. 

6 Family history. Examined because of po- 
sitive family history (Case 5). No com- 
plaints. 


Albuminuria. Detected at routine school 
examination. No complaints. 


reagent (12). Ammonia was estimated using 
the micro-diffusion technique with absorp- 
tion in boric acid solution and titration with 
(0,1 \ acid (4). Amino-acids in the urine were 
determined accordning to Dent (6). The bio- 
chemical methods have otherwise been such 
commonly used in routine clinical work. 
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Fig. 1. Diagram of symptoms presented by 
seven patients with juvenile nephronophthisis 
on first admission to hospital. 


History and Clinical Course 


The reason for admission is listed in 
Table 1. It is noteworthy that in four or five 
cases there had been no complaint of disease. 

The symptoms present before the first 


admission are given in Fig. 1. In each case 


TABLE 2. Sex distribution and family history in seven patients with 
“juvenile nephronophthisis’’. 


Patients Siblings State 
Case Sex Born Number _ Sex Born of health Parents 
1. R.A. Female 3/2/1947 2 Female 1948 Good Healthy 
2, B.A. Female 31/3/1946 1 Male 1941 Died with Father healthy. 
uraemia in Mother op. because 
1947, of renal tuberculo- 
3 Female 1948 Healthy. Re- _ sis. 
nal function 
normal. 
3.G..1.0. Female 19/6/1946 2 Male 1948 Healthy No renal disease 
4, AL, Female 19/4/1944 2 Male 1948 Healthy Healthy 
5. K.P, Male 11/8/1944 1 Female 1943 Pat. no. 6 Paternal uncle died 
3 Male 1947 Healthy 1923 at the age of 
4 Female 1951 Healthy seven in “diabetes’’. 
5 Male 1953 Healthy 
6.8 Female 2/6/1943 See patient no. 5. See patient no. 5. 
7. \ Female 18/1/1950 1 Male 1945 Healthy No renal disease 
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Fig. 2. Diagram showing duration of polyuria before first admission to hospital. 


direct interrogation only revealed a history 
of polyuria and polydipsia present for several 
years (Fig. 2). This early and typical feature 
was easily over-looked since—as is almost 
invariably the case with this symptom— 
it had been neglected by both parents and 
patients. In none of the children affected 
was there any past symptom, except poly- 
uria, referable to the urinary tract. The 
family history was positive in three patients 
(Table 2). Mild tetanic symptoms had oc- 
curred before the first admission in three 
patients and later appeared in one more. 
Moderate or severe anemia sooner or later 
developed in all patients. 

The presence of polyuria but lack of alarm- 
ing or disabling symptoms during the early 
years of disease thus was the most typical 
feature of the history. 


Clinical Findings 
Physical examination 


The findings are graphically recorded 
in Fig. 3. The general condition on first 
admission was good in six of the patients. 


Number of cases 


HYPOTONIC POLYURIA 


AZOTAEMIA 


ALBUMINURIA 
CONSTANTLY PRESENT 


ERYTHROCYTEURIA 


CYLINDRURIA 


SIGNIFICANT ARTERIA! 
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SMALL KIDNEYS (X-RAY) 


ABNORMAL SERUM 
PROTEIN CONC 
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DECREASED 


PRESENT ON !st ADMISSION 


Fig. 3. Diagram showing the findings on clinical 
examination of seven patients with juvenile 
nephronophthisis. 
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TasLE 3. “Spontaneous” variations of al- 
kaline phosphatase activity. 


Alkaline Time elapsed Therapy be- 
| phosphatase between tween 
) Case activity determina- determina- 
no. (Buch units) tions tions 
. One week None 
Secs One week None 
19.5 T 
40 wo years 
Two weeks None 


Growth was somewhat retarded in four 
patients, normal in the others (Cases 2, 6, 
7). There was no obvious correlation be- 
tween the duration of polyuria and growth 
retardation. Blood pressure was normal or 
slightly elevated, the highest reading 
being 150/100. The eye-grounds were nor- 
mal in six patients, but one showed 
Grade I-II hypertensive changes shortly 
before death. The children never devel- 
oped oedema. 

Plain roentgenograms of the abdomen 
showed both kidneys to be of small size 
in two patients (Case 3 and 5). The surface 
looked smooth and even. In the other 
patients the size of the kidneys seemed to 


JUVENILE NEPHRONOPHTHISIS. I 


473 


be normal. Renal pelvices and ureters, in 
four patients visualized by intravenous 
urography or retrograde pyelography, 
showed no evidence of dilatation. 

Urinary findings were sparse. Deposits 
were seen only in one patient who had a 
sporadic erythrocyturia not exceeding 
2.5 million red cells per 12 hours. Albu- 
minuria, when present, did not exceed 0.8 
promille with the exception of one patient 
with a maximal urinary albumin con- 
centration of 3 promille. Urine cultures 
were negative. 

A moderate or severe normochromic or 
slightly hypochromic anaemia was ob- 
served in all patients. During periods of 
anaemia reticulocyte values between 2.3 
and 5.0 per cent were observed in five 
severely azotaemic patients. Serum iron 
determinations disclosed normal levels in 
two out of three patients. 

Skeletal disease was present in 5 pa- 
tients, the serum alkaline phosphatase 
activity being elevated in all. In one 
marked rachitic changes were obvious on 
physical examination, in three there were 
on radiological examination osteoporotic 
changes beneath the epiphyseal lines, in 
one an increased serum alkaline phospha- 


TABLE 4. Characteristics of water metabolism. 


Usual range of 


Minimal specific 
gravity observed 


Per cent excre- 
tion in 4 hours of 
a water load of 
800-1000 ce 


24-hour specific gravity in random Maximal specific (all patients 

urine volumes of 24-hour urine samples gravity azotaemic) 
1500-3500 1.006-1.007 1.001—1.003 (5 pat.) 1.010-1.012% (5 pat.) 50-60 % (6 pat.) 
1.005-1.006 (2 pat.) 1.008-1.009 (2 pat.) 100 % (1 pat.) 


of pit 


Manif<st. 


*\V lues above 1.010 were seen at a few exceptional instances in three patients. Administration 
ssin tannate i.m. did not improve the concentration capacity. 
concentration capacity up to 1.015 was found in one patient (Case 7) before azotaemia was 


—— 
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TABLE 5. Renal clearances and urine pH. 


pH of 
Renal clearance random 
ml/min/ Lit./24 h/ urine 
Case 1.73 sq.m 1.73 sq.m? samples 
5.85 
Cran 71 
2 Cin 7 6.33 
Cp 8 
3 Cog 11 5.5 
4 1956 Copexogenous)2” 1958 Cop 48 See Fig. 5 
5 Con 16 6.0 
6 Con 40 5.5 
7 1956 Cyye,46 percent 1958 Cop 43 See Fig. 5 


* For normal values in children see Winberg 
(20). 


tase activity was the only evidence of os- 
teodystrophy. Remarkably rapid changes 
in the phosphatase activity were noted in 
two patients (Table 3). 


Renal Function Studies 
Water metabolism 

As already mentioned, polyuria was the 
leading symptom in all patients (Fig. 
1-2). The main characteristics of water 
metabolism are summarized in Table 4. 

Patient No. 7 who was first seen in the 
Hospital when her serum non-protein 
nitrogen level was still normal deserves a 
special comment. Her 24-hour urine volu- 
mes at that time amounted to between 
700-1700 ml, with a specific gravity vary- 
ing between 1.012-1.015. During the fol- 
lowing three years the non-protein nitro- 
gen level successively increased to about 
150 mg per 100 ml, while the concentra- 
tion of the 24-hour urine volumes gradually 
decreased to about 1.006. 


Glomerular function 


Azotaemia was—as a rule unexpectedly 
—found at the first admission in six 
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Fig. 4. Diagram showing the effect of treatment 

on serum carbon-dioxide combining power and 

the serum level of non-protein nitrogen, calcium 
and phosphate in Case 5. 


patients. Despite the good general condi- 
tion there was in several patients a re- 
markable reduction of the glomerular fil- 
tration rate (GFR) (Table 5). The clearance 
of PAH was extremely low showing but 
slightly higher values than that of inulin 
in two patients. Great variations of the 
non-protein nitrogen level were often seen 
(Fig. 4). 


Renal tubular electrolyte regulation ani \ 
acid-base stabilizing capacity 


In three patients an abnormally high 
renal “‘salt loss’ was suggested by lovv ot 
falling plasma levels of sodium and «hlo- 
ride (Table 6). 

A slight decrease in blood pH and 0; 
combining power was usually found. Oc- 
casionally a marked decrease of the | itter 
to about 10 mEq per litre was obs: rved 
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Tare 6. Sodium, chloride and potassium 
scrum concentrations in three patients. 


Sodium Chloride Potassium 
Case /lit. mEq /lit. mEq /lit. 
l 130 85 4.5 
3 104 70 4.7 
5 145 108 4.4 
132 96 7.0 


(Fig. 4). When the patients were acidotic, 
this state seemed to be correlated to the 
azotaemia and the state of hydrationand 
not to be due to a specific distal or col- 
lecting tubular insufficiency with inability 
to conserve fixed cat-ions. This opinion is 
supported by the finding of a but slightly 
impaired capacity to acidify urine and to 
secrete ammonia in two patients given an 
acid load (Fig. 5). Even in the other five 
patients random urine samples showed 
pH values of 5.5-6.33 (Table 5), probably 
even in these cases excluding specific 
tubular 


insufficiency causing acidosis. 


Urinary calcium excretion is given below. 


Amino-acid and glucose excretion 


Amino-acid excretion, investigated in 
six patients, was found to be normal. A 
slight increase in proline excretion in one 
patient is hard to evaluate. 

Sporadic glucosuria, never exceeding 1.9 


per cent, was observed in three patients. 
Fasting blood sugar levels varied in two of 
these patients between 122-237 and 122- 
140) per cent respectively. Since in this 
last ».tient the glucose tolerance was ab- 
norn :ily low when tested by the double 
glucc :e tolerance test, the reason for the 
glye’ aria most likely seems to be simple 
over. iow. 
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TABLE 7. Familial incidence of juvenile 


nephronophthisis. 
Number of 
No. Known children 
of con- Af- 


Authors families sanguinity fected Healthy 


Faconietal. 2 1 8% 
Griittner etal. 1 0 2 0 
Hackzell et al. 2 0 4 4 
Hooft et al. 1 1 ge 1 
Present study 6 0 9 

Total 12 2 24° 16 


* The diagnosis was probable in one case, es- 
tablished in the others. 
Among those affected there were 13 boys and 
11 girls. Thus the disease was equally distributed 
among both sexes. 


Calcium and phosphate metabolism 


The serum phosphate level was increa- 
sed in all patients, the glomerular filtra- 
tion rate being markedly reduced. At the 
same time there was a decrease of the se- 
rum calcium level in five of the patients. 
Repeatedly the 24-hour urinary calcium 
excretion amounted to 20-70 mg, only on 
two occasions showing higher, but still 
normal values, 150-240 mg. 


Genetic considerations 


Known genetic facts about the families 
of the present study and those reported 
earlier are shown in Table 7. In the af- 
fected families there were several more 
diseased children than healthy ones. In 
addition several of the healthy siblings 
had not reached the age at which the first 
symptoms appeared in the affected mem- 
bers of the family (Table 2). 

The disease was equally distributed in 
both sexes. In hitherto published series 
there have been 11 girls and 13 boys (the 
two probable, although not established 
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Fig. 5. Diagram showing the effect of an acid load on urine pH and the urinary excretion oi 
titratable acidity and ammonium in Cases 4 and 7 and a normal control. 


cases included, see Table 7). In five fami- 
lies both sexes were represented. 

The data reported in Table 7 strongly 
favour the assumption that the disease is 
inherited as an autosomal recessive gene. 

There is some evidence that the hetero- 
zygote state may be detectable in some 
instances since a reduced concentration 
capacity was observed in the father of 
one of our patients. He was apparently 
healthy at the age of 40 years. A similar 
finding was also reported by Griittner 
et al. (10). 


Discussion 


In all patients the clinical symptomato- 
logy was very uniform and showed such 


close similarities to what has been de- 
scribed as typical of “familial juvenile ne- 
phronophthisis” (8, 10, 11, 14) that it seems 
possible to establish the diagnosis on clini- 
cal grounds even in the absence of a posi- 
tive family history. 

The early characteristic feature of the 
disease is polyuria due to a tendency to 
hypotonic urine secretion, a symptom 
which may be present for several vears 
before any other symptoms of di:ease 
appear. In advanced cases the spvcific 
gravity of the 24-hour urine often is 
low, but the urine volumes are nev: © iD- 
creased to the same extent as in tru: 
betes insipidus, probably due to the 1 
tion of glomerular filtration rate. 


Since the glomerular filtration rate nay 
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JUVENILE NEPHRONOPHTHISIS. I 


be only slightly reduced even after the 
persistence of polyuria for several years 
(Case 7) renal tubular damage most likely 
precedes glomerular degeneration. The 
finding in two patients of inulin to PAH 
clearance quotients of about 1:1 and 1:2 
respectively points to a marked reduction 
in the capacity of secreting PAH and is in 
accordance with the view of an ascending 
degeneration of the nephrons. That glo- 
merular fibrosis represents changes se- 
condary to tubular degeneration may ex- 
plain why the urinary findings are so sparse 
despite an extensive reduction in glomeru- 
lar filtration rate, i.e. the glomerular func- 
tion ceases and hyalinization occurs when 
the nephron has become non-functioning. 
In this connection it may be pointed out 
that in chronic pyelonephritis where the 
primary damage is located in the distal 
parts of the nephron (18), and the glo- 
merular lesions are probably secondary, 
albuminuria and erythrocyturia are also 
very discrete. 

Defective water reabsorption is the only 
regular sign of renal tubular dysfunction. 
The low serum levels of sodium and chlo- 


’ ride which were observed in some of the 


patients is most probably also the con- 
sequence of tubular damage. On the other 
hand, there is no convincing evidence of a 
selective distal tubular inability to ‘“‘reab- 
sorb bicarbonate’’ or to produce ammonia 
after an acid load. Pathologic amino- 
aciduria is not present, and it seems doubt- 
ful whether the glucosuria intermittently 
observed in three of our patients and in 


one ©' those described by Fanconi ef al. 
(5) 1 sults from renal tubular damage 
alone, as pointed out earlier. 


Os'-odystrophy is one of the more pro- 
mine: features of this disorder. The 
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characteristics of the renal disease suggest 
that the skeletal abnormalities are patho- 
genetically connected with the azotaemic 
state and not primarily with renal tubular 
dysfunction as in the De Toni—Debré- 
Dent & Harris 
In two of our patients there were 


Fanconi syndrome, cf. 
(7). 
marked, rapid fluctuations of the alkaline 
phosphatase activity. The reason for these 
changes is not evident but may be due to 
rapid variations in skeletal mineralization 
as has been found in osteodystrophy com- 
plicating the azotaemic state (5). 

The initial renal tubular dysfunction 
pattern present in the patients with this 
disorder may be termed “water-losing 
nephropathy” (17), a state which only 
during the last years has become more 
widely recognized as typical of several 
clinical entities. It is found in pyelonephri- 
tis (2, 16, 21), hyperparathyroidism (13), 
myelomatosis localized in the kidney 
(17), obstruction of the lower urinary tract 
not complicated by infection (17, 19), and 
familial nephrogenic diabetes insipidus 
(9). With the exception of the last, 
there is in these conditions a primary 
lesion of the distal tubules and/or the col- 
lecting ducts. Since the renal functional 
disturbance observed in early cases of 
juvenile nephronophthisis shows close 
similarities to that in the disorders listed 
above, it may be anticipated that also in 
juvenile nephronophthisis the primary 
lesion of the nephrons is localized in this 
particular area. It cannot, however, be 
excluded that the initial damage occurs 
in the loop of Henle since a normal uri- 
nary concentrating capacity presupposes 
that this part of the nephron is not dama- 
ged (1, 22). 
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Summary 


Clinical data of seven patients with 
juvenile nephronophthisis are presented. 
The communication is an attempt to 
define the clinical characteristics of the 
disease and to discuss the etiology and 
pathogenesis of the symptoms. 

The early characteristic feature of the 
disease is polyuria due to a tendency to 
hypotonic urine secretion. Because of a 
marked reduction of the glomerular filtra- 
tion rate the urine volumes never become 
increased to the same extent as in true 
diabetes insipidus. 

Defective water reabsorption is the only 
regular sign of tubular dysfunction. Low 
serum levels of sodium and chloride ob- 
served in some cases may also be the con- 
sequence of a tubular damage. There is, 
however, no convincing evidence of a se- 
lective tubular inability to “reabsorb bi- 
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are there any signs of a proximal tubular 
damage. 

Osteodystrophy is a prominent feature 
of the disaase. The skeletal abnormalities 
are pathogenetically probably connected 
with the azotaemic state. 

The disease is genetically determined, 
and probably inherited as an autosomal, 
recessive gene. The heterozygote stage 
may be detectable. 

An analysis of the symptoms and find- 
ings suggest that the primary lesion is 
localized in the distal tubules and/or col- 
lecting ducts or possibly in the loop of 
Henle. The course of the disease suggest 
an ascending degeneration of the nephrons. 

Since the patients are in a good general 
condition and since albuminuria, erythro- 
cyturia, oedema and arterial hypertension 
are absent or very discrete, a diagnosis of 
renal disease may be delayed for many 
years after the first appearance of symp- 


carbonate” or to produce ammonia. Nor toms. 
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(Head: A. Wilton), Karolinska sjukhuset, Stockholm 


Juvenile Nephronophthisis. Part II 


A Histologic and Microangiographic Study 


by BIORN I. IVEMARK, ARNE LJUNGQVIST and ALEXANDER BARRY! 


The renal changes in fatal cases of fa- 
milial juvenile nephronophthisis have 
been described previously (Fanconi et al., 
1951, Hackzell & Lundmark, 1958, and 
Hooft et al., 1959). The changes were re- 
garded as being due to a diffuse renal con- 
traction. No morphologic evidence of con- 
genital defects in the kidney was given by 
any of these authors. 

In the present paper, the renal pathology 
of two fatal cases of this disease will be 
described. The clinical features have been 
presented in the report by Broberger, 
Winberg & Zetterstr6m in this issue (Cases 
2 and 3). Evidence will be presented to 
show that there is a characteristic lesion 
of the descending and ascending limbs of 
the loop of Henle. This defect is associated 
with a cortical atrophy which is considered 
to be secondary to the tubular lesions. In 
view of the tendency of this disease to 
occur as a familial trait, it seems probable 
that the tubular defect has a congenital 


basis. 


Material and Methods 


The kidneys from two patients (both 1275 
years old) with the clinical picture of familial 
juvenile nephronophthisis with terminal azo- 


1 On leave from the Department of Anatomy, 
University of Michigan Medical School, Ann 
Arbor, Mich., U.S.A. 


temia were available for study (Cases 2 and 
3 of Broberger et al.). Autopsy permission was 
restricted to an examination of the kidneys. 
A partial autopsy was performed 2 hours 
(Case 2) and 3 hours (Case 3) post mortem, 
respectively. One kidney from each case was 
kept intact in its capsule and immediately 
stored at — 20°C. The other kidney was re- 
moved from its capsule, split open, and pre- 
served in 10 % neutral formalin for histologic 
examination. The formalin-fixed left kidne\ 
from Case 2 weighed 40 g, and the fixed right 
kidney from Case 3 weighed 60 g (normal, 
95 g). The gross appearance (Figs. 1 and 2 
of both specimens was essentially similar. 
The fibrous capsule stripped off easily, the 
subcapsular surface was slightly granula! 
and pink. In both specimens a few pin- 
point-sized, thin-walled cysts were secn at 
the surface of the cortex. On sectioning, th 
cortex was found to measure 2-3 mm in 
thickness (normal 5 to 6 mm). The medulla 
measured 10-12 mm in thickness which is 
within the normal size range. Cysts were als 
found in the medulla, close to the cortico- 
medullary junction as well as in the «onte! 
of the pyramids (Figs. 1 and 2). Cortica! cysts 
measuring 0.2—-1.8 mm in diameter wer 
present in both specimens (Fig. 2). Th 


calyces, pelves, and ureters appeared n: rmal. 
No malformations of the major renal °ssels 
were present. The renal tissue taker from 


both specimens for histologic stud) was 
dehydrated, embedded in paraffin an: sta: 
ned with hematoxylin-eosin, van G son's 
connective tissue stain, Verhoeff’s _ lastit 


tissue stain (counterstained with van ( esons 


stail 
alcis 
Gue 
mici 
tech 
(Liu 
afte: 
hist 
with 
sligt 
take 
was 
and 
aque 
how 
iner 
175 
grap 
wert 
pare 
this 
rial]. 
with 


stair 


was 
larg: 
whil 
mo} 
R 
hya 
Var 
pres 
a sl 
As 
thos 
min 
me} 
32 - 


but 

\ 
Case 
| 


2 and 
yn was 
Ineys. 
hours 
ortem, 
was 
iately 
as re- 
d pre- 
ologic 
idney 
right 
yrmal, 
nd 2 
milar. 
y, the 
pin- 
en at 
o, the 
ym. in 
lulla 
alsi 
ntel 
systs 
wert 
The 
‘mal. 
ssels 
from 
was 
stal- 
son's 
lasti 
»gons 


JUVENILE NEPHRONOPHTHISIS. PART II 


stain), Lendrum’s stain for reticulin, and 
alcian blue-PAS according to McManus & 
Guerrero. 

The two frozen kidneys were used for 
microangiography (Bellman) employing a 
technique modified for the infantile kidney 
(Ljungqvist). This procedure was carried out 
after 18-21 months of storage, which un- 
fortunately resulted in impairment of the 
histologic detail. The ureter was injected 
with a 25% solution of Urografin®, using 
slight pressure, and roentgenograms were 
taken. Following this the contrast medium 
was removed, the pelvis washed with saline, 
and the renal artery injected with a 10% 
aqueous mixture of Micropaque® for four 
hours. An initial pressure of 110 mm Hg was 
increased to a final injection pressure of 
1745 mm Hg. After stereo-X-ray photo- 
graphs had been taken, the gross specimens 
were sliced, embedded in paraffin, and pre- 
pared for stereo-microangiography. After 
this procedure samples were sectioned se- 
tially at 5 wu. The sections were stained with 
Verhoeff’s elastic tissue stain counterstained 
with van Gieson’s stain. A few sections were 
stained with alcian blue. 


Histologic Findings 

The histologic findings differed in degree 
but were essentially similar in the two 
cases. In the kidneys from Case 2 the cortex 
was thinner and appeared to contain a 
larger number of hyalinized glomeruli, 
while the cortex from Case 3 displayed 
‘numerous cortical cysts. 
nal corpuscles. Two basically different 


mor 
R 
types of degeneration were noted, (a) 
hya'inization, and (b) cystic dilatation. 
Var. ing degrees of hyaline change were 
nt in most of the glomeruli, although 


pres 
a sr all number were apparently normal. 


As as noted by previous observers, in 


thos renal corpuscles which showed 
min: ial change, a thickened basement 
men »rane was seen only in the parietal 
43605 Acta Paediatrica Vol. 49 
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layer, while the glomerular tuft appeared 
to be unaffected. In some instances the 
thickend parietal layer of Bowman’s 
capsule stained a deep magenta with the 
alcian blue-PAS, denoting the presence of 
neutral mucopolysaccharides. In more 
severely affected corpuscles, the thickened 
basement membrane involved the glome- 
rular tuft as well, and many extreme cases 
were found in which the lumen was com- 
pletely obliterated. It was interesting to 
note that only rarely did the completely 
scarred glomeruli stain magenta with the 
alcian blue-PAS. 

The cystic glomerular change was pre- 
sent in the subcapsular layer. In serial 
sections all the cortical cysts were found 
to contain glomerular tufts of varying 
degrees of atrophy. For this reason they 
were considered to be dilated renal cor- 
puscles. The parietal layer cf these cysts 
varied in thickness, some cysts having thick 
fibro-elastic walls, others displaying thin 
reticulin sheaths. None of them, however, 
stained positively with the alcian blue- 
PAS. No correlation could be found be- 
tween the structure of the parietal wall of 
these cysts and either their size or the 
degree of atrophy of the glomerular tuft. 
These cysts were regularly spherical and 
did not communicate with any part of the 
uriniferous although atrophic 
nephric tubules could be identified in 
their immediate vicinity (Fig. 3). 

Proximal convoluted tubules. In addition 


tubules, 


to the previously mentioned atrophic 
proximal convuluted tubules, hypertro- 
phic tubules were found arising from the 
glomeruli which showed minimal changes. 
Occasional groups of proximal tubular 
cells displayed hyaline droplet change. 
The granules were PAS-positive. The al- 
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cian blue-PAS technique also brought out 
occasional PAS-positive thickening of the 
basement membrane, especially in the neck 
portion of the tubule. 

Descending limbs of the loop of Henle. 
This portion of the nephron exhibited the 
most characteristic and marked change in 
these specimens, in that they were modera- 
tely enlarged and strikingly convoluted 
(Fig. 4). There was considerable variability 
between different nephrons with respect 
to the degree of this convolution (see 
below). The size and configuration of the 
individual cells appeared to be within the 
normal range. The basement membrane 
was slightly thickened, and PAS-positive. 
The thin segments had a moderately thicke- 
ned basement membrane. Except for this 
and an occasionally tortuous course, they 
appeared essentially normal. 

In occasional instances the flexure of 
Henle’s loop was dilated. In extreme cases 
this had the appearance of a small ovoid 
medullary cyst of approximately 2 mm 
in diameter. A study of serial sections con- 
firmed the fact that one descending and 
one ascending limb of Henle’s loop opened 
into the cortical aspect of each cyst. As is 
seen in Fig. 5, the descending limb with 
its thickened basement membrane may 
project nozzle-like into the cyst. The as- 
cending limb of Henle’s loop sometimes 
leaves the cyst in a tangential manner. 
This configuration might have acted as a 
valve, and prevented free passage of fluid 
from the cyst further along the nephron. 

Ascending limbs of the loop of Henle. 
The ascending limbs—whether or not 
they were connected with a medullary 
cyst—showed a varying degree of coiling 
with thickening of the basement mem- 
brane. This membrane was massive, homo- 
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geneous and PAS-positive (Fig. 6). In so: ie 
cases the segment consisted of a thin cel- 
lular cord surrounded by a PAS-positive 
sheath, while in other instances no rem- 
nants of the parenchymal cells could be 
seen, and the segment was represented by 
a coiled strand of PAS-positive material. 
It seems reasonable to assume that these 
findings represented stages in the pro- 
gressive obliteration of this segment of 
the nephron. 

Distal convoluted tubules. This portion 
of the nephron displayed the same range 
of morphologic characteristics as were scen 
in the ascending limb of Henle’s loop. 

Collecting ducts. From the arched col- 
lecting tubules to the papillary ducts, the 
collecting duct system showed no apparent 
abnormalities. The papillary ducts, how- 
ever, frequently exhibited a variable de- 
gree of dilatation. The lumen of such an 
ectatic portion was in continuity with a 
minor calyx. These dilatations were fusi- 
form and characteristically lined with a 
tall, columnar, stratified epithelium. Other 
similarly lined spaces in the papillary zone 
of the medulla were essentially spherical 
and measured up to 8 mm in diameter. 
From a study of serial sections these were 
found to have no connection with either 
straight collecting tubules or with minor 
calyces. In view of the essential iden‘ity 
in histologic structure it seems reason. ble 
to assume that these cysts were derived 
from papillary ducts. In contrast to the 
medullary sponge kidney (Ekstrém ¢/ al.) 
these cysts did not contain calculi. 

Pelvis and calyces. The pyelogram: of 
the specimens showed no abnormalit © in 
gross morphology of pelvis or cal) ces. 
There was no filling of the medullary « vsts 
or ectasies. The histologic structure o the 
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wall of the pelvis and calyces was normal. 

Stroma. The increased interstitial fibrous 
tissue contained foci of plasma cells and 
lymphocytes as previously described for 
this condition. The arteries had moderately 
thickened media and occasionally there 
was a slight intimal thickening. The elastic 
laminae appeared normal. The adventitia 
of a few archiform arteries contained thick 
sheaths of circularly arranged smooth 
muscle. This was occasionally in conti- 
nuity with the calyceal musculature. Very 
occasional interlobular arteries exhibited 
a similar but thinner muscular adventitia. 
Within this adventitial smooth muscle 
were strikingly developed venous sinu- 


soids. 


Microangiographic Findings 


Cortex. The vascular pattern is seen in 
Figs. 7-8. The thinning of the cortex is 
represented by a reduced vasculature, a 
tortuosity of the interlobular arteries and 
afferent glomerular arterioles (Fig. 8). 
The tortuosity was most apparent in the 
long juxtamedullary afferent glomerular 
vessels. The cystically enlarged renal cor- 
puscles were never filled. Nor could these 
cysts be localized on the basis of the vas- 
cular pattern. As a rule, the peritubular 
capillaries were not filled. 

Jedulla. The efferent arterioles from 
the juxtamedullary glomeruli and the 


vas; rectae could easily be visualized. 
Usu lly, the vasa rectae were straight, 
alth ugh occasionally they were sinuous, 


rarely were they markedly tortuous. 
No ineurysms were demonstrated, nor 
was -here any direct filling of the medul- 
ysts. 

0 casionally, glomerular capillaries rup- 
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tured during injection. This allowed the 
radioopaque material to fill the nephron, 
although only rarely did this injection ex- 
tend beyond the loop of Henle. Thus it was 
possible to study from stereo-microangio- 
grams the relationship of the vasculature 
to the nephron especially in the medullary 
region. The unexpected observation was 
made that an uncoiled blood vessel was 
intimately associated with a markedly 
coiled descending limb of Henle’s loop, 
so that in the microangiographic projec- 
tion they have the appearance of the 
Esculapian serpent (Fig. 10). Occasionally 
this filling of the nephron resulted in the 
filling of a small medullary cyst confirm- 
ing the fact that such cysts are dilatations 
of the flexure of Henle’s loop (Fig. 9). 


Measurements of the Descending Limb 
of the Loop of Henle 


In view of the striking convolution of 
the descending limb of Henle’s loop, and 
the fact that the medulla was normal 
in thickness, some approximate measure- 
ments seemed warranted. Tracings of 
such convoluted segments as visualized 
in the microangiograms were made by 
means of a camera lucida at a magnifica- 
tion of 67. From such tracings the over- 
all length of the descending limb was mea- 
sured. This length was compared to the 
length of the straight line between the 
end points of the descending limb. This 
ratio in a markedly convoluted segment 
was 3.3. Thus the coiling involves an actual 
increase in length and is not a result of 
mechanical distortion. The diameter of 
the lumen and of the cross- sectional dia- 
meter inside the basement membrane were 
measured for a series of abnormal descend- 
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ing limbs. Similar measurements were 
made from a normal kidney from a 12- 
year-old boy. Since in both instances the 
segment is roughly circular in cross sec- 
tion, the area of the parenchyma could be 
calculated. A comparison of such cross- 
sectional areas indicated that the abnor- 
mal segment had a _ parenchymatous 
cross-sectional area 3.5 times greater than 
the normal. Thus, it appears that the 
volume of parenchyma of a convoluted 
descending limb of Henle may be as much 
as 11 times greater than normal. Since the 
size of the parenchymatous cells were of 
the same order in the normal and abnormal 
specimens, it would appear that in this 
condition there is a hyperplasia of the 
descending limb of the loop of Henle. 


Discussion 


The morphologic findings in kidneys 
from patients displaying the clinical fea- 
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tures of familial juvenile nephronophthi- 
sis as have been reported previously may 
be summarized as follows. A diffuse con- 
traction of the kidney causing coiling of the 
nephrons, an ensheathing of the nephrons 
by a characteristically thickened base- 
ment membrane, an initial thickening of 
the basement membrane of the parietal 
layer of the renal corpuscles eventually 
progressing to complete hyaline degenera- 
tion of the entire corpuscle. 

In both cases described in this report the 
kidneys were reduced in size and weight. 
However, this reduction of the renal 
parenchyma appeared to be restricted to 
the cortex, which was markedly thinned. 
The thickness of the medulla, on the other 
hand, was within the normal range. 

Within the cortex both the interlobular 
arteries and the afferent glomerular ar- 
terioles were markedly distorted and con- 
voluted. This would seem to have been 


Plate I. 
Fig. 1 and 2.—Kidney of Case 2, sliced at dif- 
ferent levels after formalin fixation. Note small 
medullary cysts (from flexures of Henle’s loops), 
large medullary cysts (from papillary ducts) 
and, in Fig. 2, a single cortical cyst. Note also 
the reduced thickness of the cortex. 
Fig. 3. Cortical (gomerular) cyst from Case 2. 
Note atrophic glomerular tuft and protein-like 
material in capsular space. Atrophic tubules 
showing a positive PAS reaction can be seen in 
the lower part of the figure (Alcian blue—PAS: 
x 100). 
Fig. 4. Markedly coiled descending and ascend- 
ing limbs of Henle’s loops. The latter show 
thickened basement membranes (Alcian blue— 
PAS: x 100). 
Fig. 5. A small medullary cyst formed from the 
flexure of Henle’s loop. Note the tortuous limb 
approaching the cyst from above, and the nozzle- 
like opening of the descending limb into the cyst. 
The ascending limb leaves the cyst tangentially 
from its upper left aspect. The epithelial lining 
of the cyst is artificially separated from the 
basement membrane (Verhoeff-van Gieson: 
x 100). 
Fig. 6. A moderately tortuous ascending limb of 
a loop of Henle, showing a thick PAS-positive 
basement membrane (Alcian blue—PAS: x 240). 


Plate II. 
Fig. 7. Microangiogram of a frontal section 
from kidney, Case 2 (700). The thinned cortex 
is poorly vascularized. The medulla shows vasa 


rectae and occasional nephrones. The large 
medullary cysts are not filled. Some small 


medullary cysts are filled, but cannot with 
certainty be distinguished at this magnification 
( x 1.5). 

Fig. 8. Microangiogram of cortex showing 
distorted and tortuous interlobular arteries and 
afferent glomerular arterioles. Note the more 
apparent tortuosity towards the peripheral jarts 
of the interlobular arteries (upper aspect) and 
of the long afferent arterioles of glomeruli in 
juxtamedullary position (central and lower 
aspects) ( 25). 

Fig. 9. Descending and ascending limbs (arrows), 
and cystic enlargement of the flexure of Henle’s 
loop, forming a small medullary cyst. ‘ini- 
mally coiled vasa rectae to the left of the | mbs 
( x 25). 

Fig. 10. Microangiogram of medulla sho ving 
markedly coiled descending limbs of Heule’s 
loops. Note the intimate association with e sen- 
tially straight vasa rectae ( x 25). 
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the inevitable result of a progressive thin- 
ning of the cortex. Many stages of hyaline 
degeneration of renal corpuscles were 
found. In this respect these two cases con- 
form to the characteristics described in 
previous reports, but they differ, however, 
in that some renal corpuscles showed 
evstic enlargement with atrophy of the 
glomerular tuft. None of these glomerular 
tufts or cysts whether studied in micro- 
angiograms or in histologic sections, could 
be demonstrated to contain contrast me- 
dium. It seems reasonable to assume, 
therefore, that at the time of death they 
were essentially avascular. 

Although there was a characteristic 
thickening of the basement membrane of 
all segments of the nephrons, it was rela- 
tively more massive in association with 
the ascending limbs of Henle’s loops and 
the distal convoluted tubules. In extreme 
cases the lumen of the ascending limb of 
Henle’s loop was obliterated. This more 
or less complete blockage may have resul- 
ted in sufficient back-pressure to have 
initiated the cystic dilatation of the flexure 
of the loop which was found in these two 
specimens. The characteristic tangential 
relationship of an ascending limb of 
Henle’s loop to such a cyst would act as 
a valve and further interfere with free 
passage of fluid along the nephron, causing 
furt her enlargement of the cyst. This cystic 
feature has not been described previously 
in cases of familial juvenile nephronophthi- 
sis. The occurrence of these renal cysts 
in tie two patients of the present study 
ma. be explained by the fact that they 
wer’ older than those of previous studies. 

Te striking tortuosity of the limbs of 
Her ©’s loops cannot have been due to a 
diffi:se contraction of the renal paren- 


chyma in these two cases. In the first 
place, the medulla did not exhibit any 
shrinkage. Moreover, it seems that any 
generalized change in the dimensions of 
the medulla would affect equally all struc- 
tures lying in it. 

If the coiling of the descending limbs of 
Henle’s loops is not the result of compres- 
sion of the medulla, then it must be due 
to an actual increase in their length. 
Quantitative estimations made on such 
nephric segments showed that this was 
actually the case. The length of a mar- 
kedly convoluted descending limb of the 
loop of Henle was three times greater than 
normal, while the volume of its paren- 
chyma exceeded that of a normal control 
by tenfold. The convolutions shown by 
the vessels in the cortex seem to be se- 
condary to the thinning of the cortical 
layer, and not to reflect a hyperplasia. 

The histologic structure of the walls of 
the large cysts in the renal papillae was 
indistinguishable from that of the ectatic 
papillary ducts. In fact these two struc- 
tures could be distinguished with cer- 
tainty only from a study of serial sections. 
It seems probable that the cysts represent 
ectatic areas of papillary ducts which 
secondarily lost their connection with the 
collecting duct system. It would be un- 
profitable to speculate, from the material 
available, concerning the mechanisms in- 
volved in this sequence of events. 

The high incidence of this rare disease 
in certain families has led previous in- 
vestigators to regard it as being geneti- 
cally determined. The two cases reported 
here throw no light on this aspect of the 
problem. Their clinical history is compa- 
tible with the assumption that the pri- 
mary lesion was a slowly progressing dis- 
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turbance of the function of the more distal 
part of the nephron. This is supported by 
the fact that the distal half of the nephron 
was more severely affected than was the 
proximal half. It seems probable that the 
medullary cysts found in these cases as 
well as the changes in the renal corpuscles 
were secondary to the thickened base- 
ment membranes. It is not possible to 
determine whether the latter is a primary 
stromal defect, or is secondary to a bio- 
chemical abnormality of the parenchyma 
of the nephrons themselves. It does seem 
clear, however, that the distal half of the 
nephron was initially hypertrophic prior 
to the massive increase in its basement 
membrane, since even the completely 
atrophic ascending limbs of the loops of 
Henle showed a convoluted course analo- 
gous to that followed by the convoluted 
descending limbs of Henle’s loops. 


Summary 


The kidneys from two cases of familial 
juvenile nephronophthisis were studied 
grossly, in histologic sections and by 
means of stereo-microangiography. The 
clinical history of these same cases is 
reported in the preceding paper in this 
issue (Broberger, Winberg & Zetterstr6m). 


B. I. IVEMARK, A. LIUNGQVIST AND A. BARRY 


The kidneys from these two individua's 
showed essentially the same characteris- 
tics: 

1. Their weight was significantly less 
than normal. 

2. Their cortex was thinned with dis- 
tortion and convolution of the interlobulur 
arteries as well as of the afferent glomeru- 
lar arterioles. 

3. Most of the renal copuscles showed 
varying degrees of hyaline degeneration, 
although some were cystically enlarged 
and their glomeruli were atrophic. 

4. The nephric tubules were ensheathed 
in a thickened, PAS-positive basement 
membrane. This condition was more mar- 
ked in the distal half of the nephron. 

5. The medulla showed no decrease in 
thickness and contained characteristically 
convoluted limbs of Henle’s loops. The 
descending limbs were shown to be hyper- 
trophic. The convoluted character of the 
ascending limbs suggests that they too 
may have undergone hyperplasia prior to 
the massive thickening of their basement 
membranes. 

6. The flexures of Henle’s loops were oc- 
casionally cystically dilatated. 

7. The papillary ducts exhibited ovcca- 
sional ectatic portions, which in some in- 
stances had progressed to form cysts. 
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Blood Flow in the Foot and Calf of the Newborn 


A Plethysmographic Study 


by OLOV CELANDER 


During recent years the changes in cir- 
culation at birth have been subject to 
numerous studies. For reviews see Young 
(10), Dawes (6) and Lind (8). The majority 
of these studies have been concerned with 
pressure, flow and oxygen determination 
from the heart and the central vessels, 
whereas the peripheral circulation seems 
to have attracted less interest. The change 
from foetal to extrauterine life involves a 
more drastic shift in circulation than most 
individuals are likely to encounter during 
the rest of their lives. Shunt mechanisms, 
which during foetal life make the two 
ventricles work in parallel, now close, 
separating the pulmonary circulation with 
its low pressure from the much higher 
pressure existing in the systemic circula- 
tion. The placental blood flow, which ac- 
cording to Dawes (6) accounts for more 
than half the combined cardiac output, 
suddenly disappears. Due to variations 
in the placental transfusion the total 
amount of circulating blood may vary 
considerably from child to child. To all 
these changes can be added the asphyxia 
which the child must withstand, even at 
an uncomplicated delivery, and the new 
demands for circulatory control mecha- 
nisms in response to environmental tem- 


perature changes and to hydrostatic in- 
fluences. If circulatory stability is to be 
maintained by the newborn these changes 
will probably, to a great extent, engage 
the various physiological control mecha- 
nisms which normally regulate the car- 
diovascular system. 

In the neonatal period measurements of 
the arterial systolic pressure have been 
applied to study how these circulatory 
adjustments are reflected upon the syste- 
mic circulation (1, 2). However, it cannot 
be taken for granted that a “normal” 
blood pressure guarantees a normal cir- 
culatory state. In the Poiseullie formula 
(pressure = C = flow * resistance), — which 
can be applied to the systemic circulation 
as a whole or to any part of it, the varia les 
which show quantitatively important c!:an- 
ges during normal and abnormal circ ila- 
tory adjustments, are flow and resista ice. 

This is the first in a series of studi: s in 
which the blood flow in the foot and calf 
has been measured during standard on- 
ditions in order to gain information a out 
the circulatory state of the newborn, ind 
the general trends in the physiolo ical 
control mechanisms to which perip’ eral 
blood vessels are subordinated. 
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BLOOD FLOW IN THE FOOT AND CALF OF THE NEWBORN 


Fig. 1. Water-filled venous occlusion plethys- 
mograph for the newborn ready for use. 


Methods 


The principles of venous occlusion ple- 
thysmography have been discussed by Bar- 
croft & Swan (3). In short, the procedure is to 
enclose the extremity in a plethysmograph 
connected to a volume recorder. The fitting 
of the plethysmograph must be close enough 
to prevent leakage, but, at the same time, 
not so tight that the venous return from the 
extremity is impaired. The checking of this 
Vita' point will be discussed later. A sphyg- 
moranometer cuff is placed proximally to 
the plethysmograph and during the actual 
measurements the cuff is inflated at a pres- 
below the diastolic arterial blood 
pres ure. The venous return from the ex- 
trem ty will then be temporarily arrested, 
whe: -as the arterial inflow will be unin- 
fluer “ed. The net result is a progressive in- 
crea» in volume and the rate of arterial 
inflo » can thus be determined. During recent 


sure 


489 


years venous occlusion plethysmography has 
been successfully applied in a vast number 
of circulatory studies in adults. 

The design of the plethysmograph used 
in this study is shown in Fig. 1. It can be 
described as a boot made of Perspex. To 
control leakage and also in order to keep the 
enclosed extremity at constant temperature 
conditions, the plethysmograph has been 
filled with water. Around the upper part the 
plethysmograph was supplied with a mantle 
into which hot or cool air could be directed 
by attaching polythene tubes. The air was 
supplied by an electric hair-drier thermo- 
statically controlled by a thermometer in 
the distal front plate of the plethysmograph. 
A chimney connected the plethysmograph 
to the volume recorder, and the level of water 
was kept just at the base of this chimney. 
The volume recorder was a 5 ml piston recor- 
der (Palmer), which had to be trimmed to 
perfection. The excursions of the volume re- 
corder were calibrated from a tuberculine 
syringe, and the volume-recording system 
was sensitive to changes from 0.02 ml. 

The plethysmograph must be fitted to the 
extremity with great care. Fig. 2 shows how 
a perfect sealing can be achieved. After mea- 
suring the circumference of the calf a Per- 
spex ring (A) was chosen from a great variety 
of such rings to fit the calf snugly. In order 
to give as large a supporting area as possible 
the ring was made 5 mm thick. B in Fig. 2 is 
a 1-mm-thick rubber membrane with a cir- 
cular hole fitting the circumference of the 
calf closely. This membrane is continued 


A 


Fig. 2. Schematic drawing showing details of the 

sealing of the plethysmograph to the calf of the 

newborn. A, 5-mm-thick Perspex ring. B, 1- 

mm-thick rubber membrane with attaching 
collar (C) made from latex rubber. 
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into a very thin rubber collar (C), which like 
a cut stocking enclosed the calf of the child. 
This collar was made from rubber condoms. 
As mentioned, leakage could easily be con- 
trolled after filling the plethysmograph with 
water. 

The sphygmomanometer cuff, made from 
rubber drainage tubing and adhesive plaster 
supported by ordinary paper clips, could 
be momentarily filled to any predetermined 
pressure from a pressure reservoir connected 
to a mercury manometer. Whether any ob- 
struction to the blood return occurred at the 
point where the plethysmograph was sealed 
to the calf could be decided by determining 
the range of collecting pressure in the cuff 
over which blood flow records were obtained. 
If, for example, no regular increase in leg 
volume could be recorded at collecting pres- 
sures below 30 mm Hg, this was obviously 
due to the fact that an equal obstruction to 
the venous return was exerted at the point 
where the plethysmograph was sealed to 
the calf. In this series a collecting pressure 
of 40 mm Hg was used during the actual 
measurements and was found to give opti- 
mal blood flow records. Once asleep, most 
children tolerated the rapid filling of the 
sphygmomanometer cuff without being awa- 
kened or showing any startled response. In 
several children an arterial occlusion could 
be maintained for periods up to four minutes 
in order to induce reactive hyperaemia. 
Other children were more easily disturbed 
and the inflation of the cuff had then to be 
more gradual. Each collecting period lasted 
some 5 sec. They were repeated at intervals 
of 20 to 30 see, and in most children a great 
number of separate observations of blood 
flow could be made. 

The experimental conditions were stan- 
dardized as far as possible. Body tempera- 
ture of the children was measured and before 
the experiment the subject was taken into 
the laboratory, which was thermostatically 
maintained at 23°C, for about a quarter of 
an hour. All observations were made while 
the infant was lying in an incubator at 30°C. 
The relative humidity was 60 to 80%. The 
lower part of the child was uncovered. After 
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fitting the plethysmograph to the extremity 
the plethysmograph was filled with water «t 
a temperature of 35°C. The volume of wat-r 
was measured. The temperature in the plet 'i- 
ysmograph was then kept at 32°C by thie 
means already described. All observations 
were made while the infants were in natural 
sleep. If possible, the experiment took place 
after a feed and in a few cases a small extra 
feed was given from a bottle as the only 
sedative. Crying and struggling did occur, 
but sooner or later the infant accepted the 
situation and fell asleep. When the observa- 
tions had been completed, the plethysmo- 
graph was emptied and the volume of water 
was again measured in order to determine 
the volume of the tissues enclosed in the 
plethysmograph. 

Material. The subjects were 15 healthy, 
full-term infants of 2990 to 3750 g weight. 
In 14 cases the delivery was vaginal, one 
child was delivered by caesarean section. 
All deliveries had been considered free of 
complications. On clinical examination no- 
thing abnormal was noticed and special care 
was taken to exclude abnormalities in re- 
spiratory and circulatory functions. Each 
subject was examined on two occasions, the 
first during the first day of life and the se- 
cond at an age of 4 to 7 days. 


Results 


Fig 3 shows the blood flow tracings from 
a full-term, normal infant examined the 
first day of life. Arterial pulsations vere 
reflected in the plethysmograms, shov ing 
that the volume-recording system 
sensitive to the minute changes in leg 
volume which accompanied the art: rial 
pulse wave. The arrows mark the inst. nts 
at which the sphygmomanometer uff 
was inflated at a pressure of 40 mm dg. 
When the collecting pressure went on the 
record showed a small jump. This is due 
to the fact that the rapid filling of the 
cuff displaced a small amount of t ssue 
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Time 1sec 


Fig. 3. 


A representative tracing of the blood flow in the foot and calf of a full-term normal 


infant six hours of age. Note the displacement artefact and the presence of arterial pulsations in 
the record. Blood flow 6.2 m1/100 ml/min. 


into the plethysmograph. In other ex- 
periments this displacement artefact was 
more prominent. The persistence of pulsa- 
tions in the tracings illustrates the well- 
known fact that the arterial inflow nor- 
mally occurs in a pulsatile fashion. After 
some 6 sec the kymograph was arrested, 
whereafter the cuff pressure was released. 
The obstructed venous return from the 
extremity then freely drained, and the 
tissues in the plethysmograph returned 
to basal volume. After an interval of some 
30 sec the observation was repeated. 
During the collecting periods the leg 
volume increased in a linear fashion. The 
rate of arterial inflow remained unchanged 
at 6.2 ml/100 ml/min. The relative in- 
crease of leg volume during the short col- 
lecting periods was less than 1 %. In some 
easily disturbed subjects the cuff could not 


be filled momentarily and this fact, to- 
gether with the presence of a displacement 
artefact, sometimes distorted the linear 
slope in the plethysmograms during the 
earlier fraction of the collecting periods. 
In the calculations, therefore, the slope 
was determined from the end of first to 
the end of the fourth sec as a standard 
procedure. 

In Fig. 4 the blood flows in this series at 
the two separate occasions are plotted 
against age. Each dot in the diagram repre- 
sents the individual mean flow from, on 
the average, five consecutive observations. 
As shown in Fig. 3 the replicability of 
the observations was great, and, although 
slight spontaneous variations did occur in 
other subjects, they did not exceed 10 % 
of mean flow, provided that the experi- 
mental conditions were constant and that 
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Fig.’ Individual means of blood flow in the foot and calf of 15 full-term normal infants 
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against age. Mean blood flow in the group as a whole at the first occasion 7.9 (+1.7) 


ml1/100 ml/min and at the second occasion 7.3 (+1.4) ml/100 ml/min. 
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Fig. 5. Reactive hyperaemia in a full-term infant 
three days of age. The periods of circulatory 
arrest were successively prolonged from 5 sec 
to 4 min. Note the large circulatory reserve in 
the foot and calf in this subject. 


the child remained asleep. In this series 
of 15 normal, full-term infants the mean 
flow of the foot and calf was 7.9 (+ 1.7) 
ml1/100 ml/min on the first examination, 
which, in most cases, took place during 
the second half of their first day of life. 
Blood flow was probably less in those in- 
fants which were examined during the 
earlier part of the first day. The adjust- 
ments which occur during the first hours 
of life will be the subject of a separate 
study. At the second occasion, later in the 
neonatal period, mean blood flow was 7.3 
(+ 1.4) ml/100 ml/min. There was thus 
no statistically significant difference be- 
tween the mean blood flows at the two 
separate occasions. 

The labile character of peripheral blood 
flow was studied by inducing reactive 
hyperaemia. At these observations the 
cuff was inflated almost instantaneously 
from the pressure reservoir to a predeter- 
mined pressure of 150 mm Hg and a cir- 
culatory arrest was maintained for dif- 
ferent periods up to four minutes. The 
arterial inflow was then recorded after a 
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0 1 2 3 
Minutes after Release of Circulation 


Fig. 6. Blood flow in the foot and calf the first 

four minutes following the release of circulation 

after a 4-min period of arterial occlusion. Note 
the rapid return to basal flow. 


rapid deflation of the cuff from 150 to 
40 mm Hg. Fig. 5 shows the vascular 
responses in a consecutive series of cir- 
culatory arrests from 5 sec to 4 min. Al- 
ready after 20 sec of arterial occlusion, 
peak blood flow immediately after the 
release of circulation was about twice 
basal blood flow. After a 4-minute period 
of circulatory arrest, peak blood flow was 
approximately 27 ml1/100 ml/min. ‘This 
fivefold increase of blood flow reveals the 
huge potential local circulatory rescrve 
in this area. Fig. 6 refers to the same in- 
fant and shows that, once the circulation 
was released, blood flow rapidly returned 
to basal level. There are several intere-ting 
features in reactive hyperaemia in the 
newborn, which will be reported on -n a 
later communication. 

Whereas normal full-term infants a. tain 
stability in the blood flow of the foo’ and 
calf quite soon after birth, this is frequ ntly 
not the case in children which have »een 
subject to pathological delivery. nly 
one child from this group will be com nen- 
ted upon here (Fig. 7). Because of « pro- 
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Blood pressure 
mm Hg 


100 4 


0 


Resistance 
PRU 
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20 
oF 
0 1 2 


Fig. 7. 


20 
7 
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4 5 
Age in days 


Changes during the first days of life in systemic blood pressure, blood flow and peri- 


pheral resistance to flow in the foot and calf of a postmature infant delivered by the vacuum 
extraction method. See text. 


longed gestation period (44 weeks) and in- 
sufficient labour this delivery was finished 
by use of the vacuum extraction method, 
which has lately been commonly used in 
Sweden. Although there were no gross 
signs of cerebral damage the baby was 
probably slightly irritable for the first 
two days of life. This child was subject 
to plethysmography at five separate oc- 
casions in the neonatal period. Concomi- 
tantly to the blood flow observations, the 
systolic and diastolic arterial blood pres- 
sure was determined by the plethysmo- 
graphie method, which has recently been 
suggested by Celander & Thunell (5). 
On ‘he first occasion, which took place 


thre: hours after the delivery, the blood 
flow ‘n the foot and calf was low (1.3 ml/ 
100 : l/min). It was still low 24 hours later 
(2.1 1/100 ml/min) and not until two 
days after birth did the blood flow reach 
normal value (5.2 ml1/100 ml/min). 
Ther .fter it remained about this level. 
Fron the flow and pressure determina- 
tion: ‘he peripheral resistance to circula- 


tion in the foot and calf can be computed 
and expressed in “Peripheral Resistance 
Units” (7). As seen in Fig. 7, peripheral 
resistance was initially high (64 PRU) 
but gradually decreased and on the three 
last examinations peripheral resistance 
was only approximately one third of the 
initial (22, 22 and 21 PRU). There are 
good reasons for assuming that behind this 
initial high resistance to flow lies an active 
vasoconstriction effected by the sympa- 
thetic nervous system. 


Discussion 


Previous studies of the peripheral cir- 
culation in the newborn have been mainly 
indirect. During recent years Briick and 
co-workers (4) have successfully applied 
the heated thermocouple in the study of 
skin blood flow and the regulation of body 
temperature. Riley (9) used venous oc- 
clusion air plethysmography to study the 
blood flow in the upper extremity in full- 
term and premature infants. However, he 


494 


met with several experimental difficulties, 
mainly in controlling leakage of air from 
the plethysmograph. His statement, that 
the range of collecting pressure over which 
blood flow records were obtained lay be- 
tween 60 and 80 mm Hg, must imply that 
a great deal of obstruction to the venous 
return occurred at the point where his 
plethysmograph was sealed to the baby’s 
arm. In addition, such high occluding 
pressures might have interfered with the 
arterial inflow if the cuff pressure exceeded 
the diastolic arterial pressure. The facts 
that his observations were made while the 
subjects were lying in their ordinary cots 
in aroom without temperature or humidity 
controls, and that it was not always pos- 
sible to get the infants into a basal resting 
state, probably explain the low replica- 
bility of observations in many of his sub- 
jects. In spite of this criticism Riley was 
probably the first investigator of the 
peripheral circulation in the newborn who 
made a serious attempt to measure quan- 
titatively the rate of peripheral blood flow. 

In the present study the experimental 
difficulties were few, once technical details 
in sealing the plethysmograph and trim- 
ming the volume-recording system had 
been mastered. This can mainly be attri- 
buted to the choice of the lower extremity 
instead of the upper one. For anatomical 
reasons the plethysmograph could not 
easily be rejected by the child even by 
rather violent struggling. 

The range over which the individual 
flow values varied in 15 mature infants 
lay between 5 and 10 ml/100 ml/min with 
a mean of 7.9 (+1.7) during the first 
day of life and 7.3 (+1.4) later in the 
neonatal period. The rates of blood flow 
in the hand and forearm for full-term in- 
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fants, reported by Riley, fell within tie 
limits of 1-7 ml/100 ml/min with a mean 
of 5.2 (S.D. 1.2). A comparison between 
the two groups is difficult since the cx- 
perimental conditions were not standar- 
dized in the latter series. Neither would a 
comparison with the normal adult range 
be justified since the relations between 
skin and skeletal muscle differ widely in 
adult and newborn. The surface area of a 
smaller subject is relatively greater than 
that of a bigger subject of the same 
shape. This means that the proportion of 
skin in the foot and calf of the newborn 
is greater than in the adult. Furthermore, 
skeletal muscle in the adult makes up 
some 45 % of total body weight, whereas 
the corresponding figure in the newborn 
is 18% (personal communication from 
Dr. M. Widdowson). The newborn, there- 
fore, will have a larger proportion of skin 
in relation to skeletal muscle. The cir- 
cumstance that the blood flow in the foot 
and calf during resting conditions might 
be less in mature infants than the normal 
adult range should not be taken as cvi- 
dence that the peripheral circulation in 
infants is poorer due to incomplete de- 
velopment. Such a comparison can only 
be made after the potential circula‘ory 
reserves have been explored by indu ‘ing 
reactive hyperaemia, and even then the 
comparison would be invalidated by the 
predominance in the infant of ski) in 
relation to skeletal muscle. 

The present study was undertak: ) to 
determine the range over which the 
blood flow in the foot and calf vars in 
normal mature infants during sta’ lard 
conditions, and to find out how soon :fter 
birth the peripheral circulation i al 
extremity reaches a stabilized stat . In 
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answer to the latter question, stability 
appears to be attained early in normal 
subjects, as the blood flow during the 
second half of the first day of life already 
equals that found later in the neonatal 
period. Preliminary observations in chil- 
dren which have been subject to patholo- 
gical delivery or which have shown clinical 
signs of cerebral damage or asphyxia, 
indicate that the adjustments in periphe- 
ral circulation to extrauterine life might 
easily be disturbed and that the circula- 
tion, as regards blood flow in the foot and 
calf, might remain in abnormal states for 
prolonged periods. 

The possibilities of plethysmography in 
the study of the peripheral circulation in 
the newborn are manifold. It is also a 
completely harmless method. Apart from 
the problems which have only been briefly 
outlined in the present investigation the 
study of peripheral blood flow and re- 
sistance to circulation offers possibilities 
of finding out how the cardiovascular 
system reacts to physiological stimuli, 
normally, and in various pathological 
conditions. This will be the subject of 
future investigation. 


Summary 


1. Blood flow in the foot and calf has 
been measured under standard conditions 
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in 15 full-term infants with a water-filled 
venous occlusion plethysmograph. Techni- 
cal details and experimental difficulties 
are discussed. 

2. The 
varied between 5 and 10 ml1/100 ml/min. 
The mean foot and calf flow during the 
first day of life was 7.9 (+ 1.7) ml/100 ml/ 
min. There was no significant difference 


individual mean flow values 


between these observations and those 
made later in the neonatal period which 
had a mean of 7.3 (+1.4) ml1/100 ml/ 
min. 

3. A large local circulatory reserve 
could be demonstrated by inducing reac- 
tive hyperaemia. 

4. The conclusion is made that normal 
mature infants have attained stability 
of peripheral circulation in the extremities 
already during the latter half of their 
first day of life. 

5. Preliminary observations indicate 
that this stability can easily be disturbed 
and that children which have been sub- 
subject to pathological delivery can remain 
in an abnormal circulatory state for long 
periods. 
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A Plethysmographic Method for Measuring the Systolic and 


Diastolic Blood Pressure in Newborn Infants 


by OLOV CELANDER and GORAN THUNELL 


In a previous investigation (4) the pos- 
sibilities of venous occlusion plethysmo- 
graphy in the study of the changes in 
circulation at birth have been discussed. 
This paper describes how observations on 
the rate of arterial inflow to an extremity 
can also be used to measure, indirectly, 
the systolic and diastolic blood pressure 
in the systemic circulation. 


Method 


The principles of plethysmography and 
technical details in the use of this method on 
infants have already been described else- 
where (4). Fig. 1 shows the underlying prin- 
ciples when observations on blood flow are 
used to determine the blood pressure. It is 
quite obvious that, if a sphygmomanome- 
ter cuff is inflated at a suprasystolic pres- 
sure, the circulation to the limb will be 
ted. An arterial inflow will start the 
very moment the effective cuff pressure falls 
below’ the intravascular systolic peaks. This 
is the basis of the ‘flush method’’, suggested 
by G.irtner (7) already in 1899, but clinically 
app! -d only recently (8). The flush method 
has . sound theoretical background but it is 
cru’ and largely subjective. If the rate 
of bh ood flow is measured repeatedly at a 
larg variety of occluding pressures in the 
sph. -momanometer cuff, the effects of the 
cuff >oressure on the rate of arterial inflow 
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can be studied systematically. The highest 
cuff pressure at which a minimal arterial 
inflow is recorded must equal the systolic 
blood pressure. If the observations on blood 
flow are repeated at successively lower 
‘occluding’ pressures, the arterial inflow 
will show gradual increases, owing to the 
fact that the perfusing pressure to the 
extremity will be effective, not only during 
the systolic peaks, but during increasingly 
larger fractions of each pulse cycle. A maxi- 
mal arterial inflow is to be expected once 
the cuff pressure equals, or falls below, the 
diastolic blood pressure. An arterial inflow 
will then occur during the whole length of 
each pulse cycle. A cuff pressure which is 
lower than the diastolic arterial blood pres- 
sure will not give any further increase of 
flow. With this method, therefore, the 
systolic pressure can be defined as the high- 
est cuff pressure which allows a minimal 
arterial inflow. Likewise, the diastolic pres- 
sure equals the highest cuff pressure at 
which a maximal flow is obtained. 

Some modifications in technical details 
can be made if plethysmography is used only 
to measure the blood pressure but not the 
magnitude of blood flow in quantitative 
terms. It is not necessary to keep strictly 
constant temperature conditions in the 
plethysmograph or the room in which the 
examination takes place. Rapid changes in 
temperature must, however, be avoided. 
The plethysmograph does not have to be 
water-filled. Arterial pulsations in the 
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Fig. 1. Underlying principles for measuring systolic and diastolic pressure by plethysmography. 


tracings guarantee that there is no lekage of 
air at the point where the plethysmograph is 
sealed to the extremity. Calibration of the 
volume calculations of the 
volume of tissue enclosed in the plethys- 


recorder and 
mograph are not required. The cuff pres- 
sure at which an arterial inflow commences 
is easily determined and the pressure at 
which a maximal inflow occurs can be judged 
almost by eye from the slopes in the ple- 
thysmograms. 

In making a suitable sphygmomanometer 
cuff we have followed the recommendations 
(11, 14), which were later adopted by the 
American Heart Association (3). Although 
differences in weight of the infants and the 
greater circumference of the leg in com- 
parison to the arm may speak in favour of 
sphygmomanometer cuffs ef different width, 
uniformity of practice is desirable. We have 
therefore used a standard width of 2.5 em 
for all our observations. It is essential that 
the inflatable bag of the cuff is long enough 
to encircle the limb completely. The cuff 
was made from ordinary adhesive plaster, 
supported by paper clips, to which a sui- 
table length of rather thin rubber tubing 
was adhered. It was kept in position by 
short pieces of adhesive plaster. The tubings 
for joining the cuff to the pressure reservoir 
and to the mercury manometer, and also the 
necessary connectors, were taken from used 
transfusion sets. Fitted to the baby’s limb 
the cuff had strength to withstand a pressure 
of 150 mm Hg. 


Results 


We have used this plethysmographic 
method in more than 50 infants, either in 
observations on the blood pressure alone 
or, more often, in connection with deter- 
minations of the blood flow in the foot 
and calf. Only occasionally did we have to 
give up, owing to restlessness of the child 
or because of nursing requirements. The 
measurements were performed at different 
stages of the neonatal period and the group 
of children was rather mixed, including 
full-term normal infants, but also babies 
which had been subject to pathological 
delivery, or which had shown clinical signs 
of different pathological conditions. In 
this communication we do not intend to 
present any detailed data regarding the 
changes of blood pressure at early neonatal 
age. We rather wish to illustrate the prac- 
tical application of our method. 

Fig. 2 illustrates the procedure for té cing 
blood-pressure readings. The subject was 
a three-day-old postmature child. deli- 
vered by the vacuum extraction me: hod. 
No arterial inflow was recorded at cuff 
pressures exceeding 116 mm Hg. Whe : the 
cuff was inflated at this pressure (m: rked 
by the arrow in the bottom traci: g) 4 
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Blood flow 
MI/100mt/min. 


98mmHg 


104mmHg 


107mmHg 


15 


111 mmHg 


<0.3 


116mmHg 


1sec 


Fig. 2. Blood flow tracings at different cuff 

pressures. Postmature child delivered by the 

vacuum extraction method. Three days old. 

Blood pressure 116/98. Note the absence of ar- 

terial pulsations in the two bottom plethysmo- 
grams. 


minimal arterial inflow, less than 0.3 ml/ 
100 ml of tissue/min, was recorded. Some 
20 see later the observation was repeated 
at a cuff pressure of 111 mm Hg. As seen 
from the slopes in the plethysmograms the 
arterial inflow was then more rapid (1.5 
ml/!00 ml/min), and further increases of 
flow were obtained when the cuff pressure 
was lowered to 107 mm Hg and then to 
104 mm Hg. A maximal arterial inflow 
(5.2 ml/100 ml/min) occurred at a cuff 
pressure of 98 mm Hg and further lowering 
of the 
Hg «id not effect any additional increase 


occluding pressure down to 50 mm 


of | 00d flow. As we record the systolic 
bloc. pressure as the highest cuff pressure 
at v 1ich a minimal arterial inflow is ob- 
tain 1, and diastolic pressure as the high- 
est « ff pressure allowing maximal arterial 
infl-v, the blood pressure in this child 
was 116/98 mm Hg. This is the highest 
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pressure that we have yet recorded in the 
newborn. 

Even if this method is primarily based 
on blood flow determinations the plethys- 
mograph can also be used as a pulse indi- 
cator in the sphygmomanometric sense. 
As seen in Fig. 2, the plethysmograph is 
sensitive to those small volume changes 
in the extremity which are effected by the 
the 
presence of pulsations distal to the oc- 


arterial pressure waves. However, 
cluding cuff is not always an entirely safe 
indicator of the systolic level. In the two 
bottom tracings in Fig. 2 arterial pulsa- 
tions are absent in spite of the fact that 
the cuff pressure must be below the systolic 
peaks, as judged from the observations on 
arterial inflow. The slight irregularities 
seen in the plethysmograms were syn- 
chronous with the respiration of the child 
but not with the heart rate. Even at a 
cuff pressure of 107 mm Hg the arterial 
pulsations were not very prominent and 
most sphygomanometric methods would 
therefore, most probably, have given 
readings of the systolic pressure which 
were too low. In other subjects arterial 
inflow and arterial pulsations were inter- 
(Fig. 3). 


When the cuff was inflated at a pressure 


rupted more simultaneously 
of 98 mm Hg, which must be very close 
to the systolic pressure, a displacement 
artefact was first seen. During the follow- 
ing first few seconds the arterial inflow 
was minimal and pulsations were absent. 
Flow and arterial pulsations then both 


98 mmHg 


5sec. 


Fig. 3. See text. 
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Pressure in occluding cuff mmHg 


Fig. 4. Diagram showing the relation between 

the pressure in the occluding cuff and the rate of 

arterial inflow to the foot and calf in a normal 
full-term infant two days of age. 


reappeared for a short period, only to 
disappear again. The most likely explana- 
tion for this phenomenon is that the rapid 
inflation of the cuff evoked a short general 
increase of the blood pressure, owing to 
the interruption of the circulation to the 
leg. 

In Fig. 4, the rate of blood flow in the 
foot and calf in a two-day-old normal in- 
fant has been plotted against the occluding 
pressure. At cuff pressures below 68 mm 
Hg the arterial inflow remained largely 
unchanged at four separate observations 
(slightly above 6 ml/100 ml/min). At cuff 
pressures higher than 68 mm Hg the rate 
of arterial inflow rapidly declined, and no 
definite flow occurred at occluding pres- 
sures from 82 mm Hg upwards. In this 
case, the systolic blood pressure fell be- 
tween the limits of 78 and 82 mm Hg. The 
diastolic pressure was recorded at 68 mm 
Hg. This gives a pulse pressure of 10 to 12 
mm Hg, which is quite small compared 
with adults. However, there are good 
reasons for assuming that the pulse pres- 
sure in the newborn and in infants is nor- 
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mally quite small. The explanation for 
this difference between infants and aduits 
will be discussed below. 


Discussion 


Recent publications (1, 9, 10, 12) have 
reviewed the various methods that have 
been used for measuring the blood pres- 
sure in the newborn. The fact that new 
alternatives are introduced almost every 
year is suggestive that no method has yet 
been considered sufficiently accurate and 
convenient to be generally adopted. With 
the exception of the “flush-technique”, 
previous methods are all sphygmomano- 
metric, and the systolic blood pressure 
level is decided by the detection of arterial 
pulsations distal to the blood pressure cuff 
or the auscultation of Korotkov’s sounds. 
After the ordinary methods of detecting 
arterial pulsations in adults by palpation 
and auscultation had been found unsatis- 
factory in infants, a number of sensitive 
pulse indicators were introduced (1, 10, 
12). Others picked up Korotkov’s sounds 
by special microphones, the most recent 
contribution being that by Morse, Brow- 
nell & Currens (9). Various indirect me- 
thods have been compared for accuracy, 
but, apart from the studies by Wood)!\ury 
et al. in 1938 and 1939 (11, 14), no d'veet 
comparison with intra-arterial pressur« 
been made. In the present study a def 
arterial inflow was not infrequent, re- 
corded at cuff pressures which did not per- 
mit the transmission of arterial pulsat ons. 
In these cases any method which, @ an 
underlying principle, applies the pres ‘nce 
of arterial pulsations would appes’ to 
produce an error on the low side. 

A major advantage with the methoc 
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we suggest is that diastolic pressures can 
be recorded. This has not been accom- 
plished by previous methods with the pos- 
sible exception of the refined auscultatory 
technique introduced by Morse et al. (9). 
They did not make any comparison with 
direct intra-arterial pressure recordings, 
and the interpretation of Korotkov’s 
sounds in relation to diastolic pressure 
must therefore still be left open. Our 
method has not yet been compared with 
direct measurements of intra-arterial pres- 
sure in infants. In the adult, on the other 
hand, Celander & Thorén (5) have under- 
taken such a comparison by measuring 
hand blood flow by plethysmography and, 
simultaneously, intra-arterial pressure in 
the corresponding brachial artery. In 
these experiments the agreement between 
the two methods was quite satisfactory. 
We also intend to perform a similar com- 
parison in infants by pressure recordings 
from the umbilical artery. 

In our blood-pressure determinations, 
the difference between systolic and dia- 
stolie pressure in the individual infant 
has been surprisingly small, generally 
around 15 mm Hg and only occasionally 
greater than 25 mm Hg. This small pulse 
pressure, compared with adults, is pro- 
babiy related to the higher heart rate in 
the newborn. For a given cardiac output 
the stroke volume must be corresponding- 
ly smaller in the infant. A contributing 
factor is probably the highly distensible 
arte ial system of the newborn which will 
moc-rate the pressure changes caused by 
eac!. stroke volume. Dawes et al. (6) have 
sho.n that in the newborn lamb a sudden 
clos’ ve of the ductus arteriosus causes a 
str. ng diminution in the pulse pressure. 
Al: e pulse pressure is also a well-known 


501 


clinical finding in patients with persisting 
ductus arteriosus. Ashworth & Neligan (2) 
has recently suggested that “a satisfactory 
method of measuring the diastolic pres- 
sure in babies might be expected to help 
in elucidating the changes in the functio- 
nal capacity of the ductus’. 

Although we consider that our method 
is fairly accurate in measuring both systolic 
and diastolic blood pressure in infants, 
we do not claim that the plethysmogra- 
phic method, as described here, is suitable 
for everyday clinical use. If only the systo- 
lic pressure is required, there are other less 
inconvenient methods (1, 9). If, on the 
other hand, it is found desirable to deter- 
mine both the systolic and the diastolic 
pressure, plethysmography will probably 
be the method of choice. In order to escape 
the inconvenient and _ space-consuming 
recording on a kymograph with smoked 
paper, we are now working out a simpli- 
fied version of our method. The plethys- 
mograph has then been substituted by a 
“mercury-in-rubber” gauge (13) connected 
to an electromanometer. The pulsatile 
volume changes of the extremity can be 
recorded on an ordinary electrocardio- 
graph. Similarly one can record the in- 
crease in circumference of the limb which 
occurs during the short collecting periods 
when the sphygmomanometer cuff is in- 
flated. In taking a blood-pressure reading 
it is only necessary to determine the highest 
cuff pressures at which minimal and maxi- 
mal arterial inflow is observed. This can 
be decided from the slopes in the plethys- 
mograms, and if only pressure determina- 
tions are intended, it is not necessary to 
measure blood flow in quantitative terms. 
Still it must be stressed that measurements 
of peripheral blood flow in quantitative 
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terms are worth-while, since blood pressure 
readings alone give rather limited infor- 
mation as to whether the circulatory state 
of the child should be considered normal. 
Combined flow and pressure measurements 
afford possibilities to determine the local 
peripheral resistance to circulation. This 
is one of the main control mechanisms 


in the circulatory system. 


Summary 


Plethysmography of the foot and calf 
has been used for measuring the blood pres- 
sure in the newborn. We regard as the 
systolic level the highest pressure in the oc- 
cluding cuff at which a minimal arterial 
inflow can be recorded. Diastolic pressure 
equals the highest cuff pressure at which 
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a maximal arterial inflow is obtaine |. 
The pulse pressure appears to be small in 
the newborn, in the majority of our cases 
less than 20 mm Hg. Although our blood- 
pressure determinations are based on o)- 
servations of blood flow, the plethysmo- 
graph can also be used as a “‘pulse-indi- 
cator’’, since arterial pulsations are reflee- 
ted in the tracings. Not infrequently, 
however, a definite arterial inflow was 
recorded at cuff pressures which did not 
transmit any pulsations beyond the oc- 
cluding cuff. Under such circumstances 
sphygmomanometric methods would pro- 
bably have given readings of the systolic 
pressure which were too low. The pros and 
cons in the use of this method in clinical 
work and in circulatory studies are dis- 


cussed. 
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Studies on an Abnormal Hemoglobin Causing Hereditary 
Congenital Cyanosis 


by H. A. HANSEN, O. R. JAGENBURG and B. G. JOHANSSON 


In 1942 Thysell (19) described a fam- 
ily with non-cardiac, hereditary cyanosis. 
Hansen, Jagenburg, & Reinand (7) later 
showed that the blood of the affected mem- 
bers of this family contained a spectro- 
photometrically abnormal hemoglobin, 
which was designated as Norin hemo- 
globin. The abnormal component differed 
spectrophotometrically from methemo- 
globin and reacted neither with cyanide 
nor fluoride. The oxygen-combining power 
of the blood was reduced as compared 
with the iron content and did not increase 
after administration of ascorbic acid (13) 
or methylene blue. 

Analogous cases of hereditary cyanosis 
caused by abnormal hemoglobins other 
than ordinary methemoglobin have been 
found in another nine families (3, 4, 5, 8, 
10, 1, 14, 15). The abnormal hemoglobin 
described by Hoérlein & Weber (10, 11) 
lesignated by Singer (18) as Hb M, as 
it vas assumed to be a methemoglobin. 
It vas recently shown by Gerald (3) that 
the are several variants of hemoglobin 
M. nd up to now four different types 
seer to have been described (5, 15). 

( ing starch-block electrophoresis Ge- 
ral °3) sueceeded in separating the ab- 
nor. al hemoglobin M component from 


the normal hemoglobin. The electrophore- 
tic separation was, however, only satis- 
factory after previous oxidation of the 
hemolysate with potassium ferricyanide. 
Without oxidation a diffuse band was 
obtained in which three zones could be 
distinguished on the basis of colour. 
Concerning the Norin hemoglobin it has 
now been possible for us to isolate small 
amounts of the abnormal 
without previous oxidation both by agar 


component 


gel and moving-boundary electrophoresis. 
The isolated component has been studied 


spectrophotometrically. The results of 


these studies together with the hereditary 
features of the anomaly will be reported 
in the following. 


Methods 


The blood samples were obtained by veni- 
puncture and collected in heparinized flasks. 
The plasma was removed by centrifugation 
and the red cells were washed 5 times, each 
time with four volumes of saline. The hemo- 
lysis was achieved by the addition of 2 volu- 
mes of distilled water and 0.4 volumes of 
toluene to the red cell suspension (3). The 
stroma was removed by high-speed centri- 
fugation at 20,000 g. All operations were 
performed at +4°C. 

Agar gel electrophoresis. Agar gels were 
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prepared from Difco Noble Agar suspended 
in 0.02 M sodium phosphate buffer. Usually 
a buffer of pH 7.1 was used. The agar con- 
centration in the gels was 1.0 per cent 
(w/v) and the dimensions of the agar plates 
were 12 x 14 cm. Before the electrophoretic 
run, a basin 0.4 x 12 em was cut out in the 
gel perpendicular to the running direction 
and filled with a mixture of one volume of 
hemolysate and one volume of 1 per cent 
fluid agar (cooled to +40°C). 1.0-1.5 ml of 
hemolysate containing about 100 mg of 
hemoglobin was separated in each run. The 
electrophoresis was performed at room tem- 
perature for 5 hours with a current strength 
of 35 mA. When blood from the cyanotic 
subjects was analyzed, two completely sepa- 
rated zones were obtained (see Fig. 2). The 
fast moving zone (A) was cut out and eluted 
in 0.02 M phosphate buffer at pH 7.1. The 
zone between the two components was also 
cut out and discarded. The basin formed was 
again filled with fluid agar and after solidi- 
fication a small basin of dimensions 0.4 x 
11 cm was cut out just in front of the ab- 
normal component. The basin was filled with 
the buffer solution as described above. The 
run was continued and the slow moving com- 
ponent (B) then emerged into the buffer 
basin. The buffer solution was withdrawn and 
replaced with fresh solution after 20, 40 and 
60 minutes. In this way 4-5 ml of solution 
containing component B could be collected. 

Moving boundary electrophoresis. Elec- 
trophoresis was performed in a Tiselius ap- 
paratus using standard cells (11 ml). The 
experiments were run in sodium phosphate 
buffer, pH 6.8 and ionic strength 0.1. When 
separation was complete, small samples of the 
separated materials were withdrawn from 
the cells by means of a capillary tube for 
spectrophotometric examination. 

Spectrophotometry. Within a few hours 
after electrophoresis was complete the un- 
treated eluates were examined spectropho- 
tometrically within the wavelength range 
380-650 my. The hemoglobin components 
were thereafter treated with different rea- 
gents and again examined spectrophotomet- 
rically within the range 450-650 muy. 
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Reagents were added in order to produe 
the following derivatives: 

Carbonmonoxyhemoglobin obtained py 
gently bubbling carbon monoxide (from a 
mixture of sulphuric acid and formic acid) 
through the eluates for 3 minutes. 

Reduced hemoglobin obtained by the addi- 
tion of 0.1 ml of a saturated solution of 
sodium dithionite (Na,S,0,) to 3 ml of the 
eluates. 

Methemoglobin obtained by the addition of 
0.02 ml of a 10 per cent solution of potassium 
ferricyanide to 3 ml of the eluates: 

Methemoglobincyanide obtained by the ad- 
dition of 0.02 ml of a 5 per cent solution of 
neutralized sodium cyanide to 3 ml of the 
oxidized eluates. The non-oxidized eluates 
were also treated in the same manner. 

Methemoglobinfluoride obtained by the 
addition of 0.05 ml of a saturated solution 
of sodium fluoride to 3 ml of the oxidized 
eluates. The non-oxidized eluates were also 
treated in the same manner. 

All samples were thorougly mixed and 
left for 2 minutes before the spectrophoto- 
metric examination. 

An automatically recording spectrophoto- 
meter (Zeiss, model RPQ 20A) was used 
throughout the investigation. 

Iron determination was performed ac- 
cording to a method described by Polis & 
Schmukler (16). 

The oxygen-combining power of the whole 
blood was determined according to van S!yke. 


Results 
Family studies 


The pedigree of the family is give in 
Fig. 1. All subjects are alive except Nos. 
1, 3, and 6. Subject 1 died in 1924 of 
silicosis at the age of 61. Subjects 3 a .d 6 
both died before one year of age, Su’ ject 
6 due to severe malformations and Su’ ject 
3 from gastroenteritis. 

Blood samples were obtained fron the 
living members of the family, anc the 
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Fig. 2. Agar-gel electrophoretic pattern of untreated hemoglobin from the Norin family. Electro- 
phoresis performed in 0.02 M phosphate buffer, pH 7.1. A =normal oxyhemoglobin, B = abnormal 
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Fig. 1. Pedigree of the cyanotic family. 


light-absorption spectra of the hemolyzed 
whole blood were examined at pH 6.6. 
The absorption spectra of the hemoglobin 
obtained from the non-cyanotic members 
all identical to that of normal 
oxyhemoglobin. Blood samples from four 
of these subjects (2, 7, 8, 9) were analyzed 


were 


by means of agar-gel electrophoresis. In 
all instances a single zone was obtained, 
which showed the same relative mobility 
and the same bright red colour as normal 
oxyhemoglobin. 

As seen in Fig. 1 there are altogether 
seven cyanotic members of the family 
belonging to three generations. They have 
all been obviously cyanotic since birth, 
and especially in the newborn infants the 
cyanosis was very pronounced. They are 
all apparently healthy and there are no 
signs of cardiac or pulmonary diseases. 
For more detailed information about Sub- 
jects 4, 10, 11, and 12 the reader is referred 
to Thysell (19). 

F-om all the cyanotic subjects venous 
blocd was collected and examined on one 


or more occasions. The freshly drawn blood 
was always dark brown and the colour 
was not altered by shaking the blood in 
the 


resence of air. The maximal oxygen- 


combining power of the blood from Sub- 
ject 4 was 9 per cent less, from subject 11 
it was 21 per cent less, and from subject 
10 it was 11, 16 and 21 per cent less re- 
spectively (determined on three different 
occasions) than for normal blood with the 
same iron content. 

The light-absorption spectra of hemoly- 
zed whole blood deviated (pH 6.6) in all 
subjects in a similar way from that of 
normal oxyhemoglobin. Thus there was 
an increased optical density between 480 
and 520 my and between 590 and 670 mu 
as compared with normal oxyhemoglobin 
of the same iron content, whereas the opti- 
cal density was lower in the region near 
the absorption maxima at 524 my and 577 
mu. The absorption spectra were not signi- 
ficantly changed after the addition of cy- 
anide or fluoride and consequently there 
was no detectable amount of methemo- 
globin as determined by the method of 
Evelyn & Malloy (1). 

Blood was collected from Subjects 17, 
18 and 19 during their first days of life. 
The spectrophotometric examinations of 
these blood samples showed that the ab- 
normal component was present, and that 
the concentration of this component was 
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Fig. 3. Agar-gel electrophoretic patterns of 

hemoglobin from the Norin family. Electropho- 

resis in 0.02 M phosphate buffer, pH 7.1. a 

untreated hemolyzate, b = oxidized hemolyzate, 

ce =oxidized hemolyzate treated with cyanide, 
s = starting basin. 


approximately the same as in the older 
subjects. 

The blood samples from Subjects 4, 
10 and 12 were also analyzed by means of 
agar-gel electrophoresis. Similar results 
as described below were obtained in all 


three cases. 


Isolation of the abnormal component 


In the isolation experiments blood samp- 
les from Subject 10 were used. 

Agar-gel electrophoresis. When untreated 
hemolysate was analysed, satisfactory 
separation was obtained at about pH 7. 
Above pH 7.4 the separation was only 
partial. Most experiments were carried 


out at pH 7.1, at which pH two distinctly 
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separated zones were obtained (Fig. 2). 
Both showed an obvious cathodic migr- 
tion due to the electroosmotic effect of tlie 
agar medium. The fast-moving compo- 
nent (A), which showed the same relative 
mobility as normal hemoglobin (Hb 4), 
had a bright red colour, whereas the slow- 
moving component (B) had a typical red- 
dish-brown colour with a tinge of purple. 

Normal hemoglobin analyzed under the 
same conditions gave rise to a single dis- 
tinct zone. 

When the hemolyzed abnormal blood 
was oxidized with potassium ferricyanide 
prior to the electrophoresis, two distinctly 
separated zones were also obtained (Fig. 
3), which agrees with the observation of 
Gerald (3). No separation was obtained 
when the oxidized hemolysate had been 
treated with neutralized cyanide before 
the run. 

Moving boundary 
seen in Fig. 4, the two components can be 
well resolved when run in a phosphate buf- 
fer at pH 6.8, ionic strength 0.1. The pos- 
sibility that the minor peak could be a 
stationary boundary due to a buffer arte- 
fact was ruled out by withdrawing small 


electrophoresis. As 


Fig. 4. Moving-boundary electrophoresis «° un- 

treated hemoglobin from the Norin fe nily. 

Phosphate buffer, pH 6.8, ionic strengti 0.1. 
Descending limb after 450 minutes. 
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Fig. 5. Absorption spectra at pH 7.1 of the untreated hemoglobin fractions separated by agar-gel 
electrophoresis. The designations used in this and following figures refer to the normal hemoglobin. 


Solid line - 


fraction A (normal hemoglobin). Broken line =fraction B (abnormal hemoglobin). The 


absorption curves are recorded on solutions with approximately equal iron content. 


samples from different regions in the cell 
and subsequent spectrophotometric exa- 
mination of these samples. It was found 
that the material corresponding to the 
minor peak obviously consisted of the ab- 
normal component, while the major peak 
had the same light absorption curve as 
Hb A. The apparent composition of the 
separated hemoglobin was found to be 
86°, Hb A and 14 % of the abnormal com- 
ponent. The major component correspond- 
ing to Hb A had a mobility of 0.35 = 10-5 
cm? volt-see whereas the abnormal com- 
ponent did not move at this pH. 


Spectrophotometry of the separated compo- 
nents 

Te light-absorption spectrum of frac- 
tion A was identical to that which was 
obt: ‘ned for normal oxyhemoglobin. The 
com> onent could be converted to normal 
cari monoxyhemoglobin, reduced hemo- 
glol. a, 


methemoglobin, methemoglobin 


cya’ de, and methemoglobin fluoride as 


judged from the absorption spectra. In 
describing the spectrophotometric pro- 
perties of the abnormal hemoglobin, com- 


TABLE |. Absorption maxima at pH 7.1 of 
normal hemoglobin and certain of its deriva- 
tives as compared with the abnormal hemo- 
globin component treated in a similar way. 


Absorption maxima in mf 
Fraction A Fraction B 


(normal (abnormal 
Hb derivative hemoglobin) hemoglobin) 
Oxyhemoglobin 413 408 
490 
542 540 
577 577 
600 
Carbon 

monoxyhemoglobin 539 538 
573 573 
Reduced hemoglobin 555 555 
Methemoglobin 500 495 
630 600 

Methemoglobin 
cyanide 540 533 

Methemoglobin 
fluoride 490 490 
603 603 
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Fig. 6. Absorption spectra at pH 7.1 of the untreated hemoglobin component separated by agar-gel 
electrophoresis as compared with their carbon-monoxide derivatives. Solid line = fraction A (normal 
hemoglobin). Broken line = fraction B (abnormal hemoglobin). 


ponent A has therefore always been used 
as a reference in order to illustrate the 
spectrum of normal hemoglobin. 

The absorption spectrum of fraction B 
deviated obviously from that of fraction 
A (Fig. 5). In addition to the slight shift 
of the normal maximum at 542 my, there 
was a marked shift of the Soret band from 
413 mu to 408 mu. Furthermore, the ab- 
normal component had a maximum at 
490 my and an increased optical density 
at about 600 my as compared with nor- 
mal oxyhemoglobin. After addition of cy- 
anide or fluoride neither the normal nor 
the abnormal component showed any 
changes in their absorption spectra. 

The abnormal fraction apparently had 
ability to combine with carbon monoxide 
as there was a shift of the absorption 
maxima at 540 and 577 my towards shor- 
ter wavelengths. As seen in Fig. 6 the 
shifts of the maxima were also accom- 
panied by changes in the optical densities. 
These changes in the optical densities near 


the maxima differed for the normal and 
the abnormal hemoglobin. 

When sodium dithionite was added to 
fraction B, one maximum was obtained 
at the same wavelength (555 my) as the 
maximum of normal reduced hemoglobin 
(Fig. 7). The ratio of the optical densities 
at 555 and 500 mu was, however, consider- 
ably smaller for the abnormal hemoglobin 
than for normal reduced hemoglobin. 

After oxidation with potassium ferri- 
cyanide the abnormal hemoglobin gave 
rise to a compound which spectrophoto- 
metrically tallied with methemoglobin 
M, (3), but which differed obviously 
from normal methemoglobin (Fig. 7). At 
pH 7.1 two absorption maxima were ob- 
tained at 495 and 600 my, while no mal 
methemoglobin at the same pH ha: its 
maxima at 500 and 630 my. The rat 9 of 
the optical densities at the two ima 
(O.D. 495/0.D. 600) was found to be 1.57 
for the abnormal methemoglobin, v xich 
again is in agreement with the f sure 
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Fig. 7. Absorption spectra at pH 7.1 of certain 
derivatives (Hb =reduced hemoglobin, MHb = 
methemoglobin, MHbCN = methemoglobin cya- 
nide) of the hemoglobin components separated 
by agar-gel electrophoresis. Solid line = fraction 
A (normal hemoglobin). Broken line = fraction 
B (abnormal hemoglobin). The iron content of 
the solutions compared were approximately 
equal. 


given by Gerald for methemoglobin M, 
(3). When a solution of the oxidized ab- 
normal globin was compared with a 
solution of normal methemoglobin with 
the same iron content and the same pH 
(7.1). the optical densities of the two solu- 
tion: were found to be equal at 500 my. 

Th» light-absorption spectra of the cya- 


nide and the fluoride complexes of the 
oxid'ed abnormal hemoglobin also dif- 
ferec from those of normal methemo- 


glob':. The cyanide complex of the oxid- 
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ized abnormal hemoglobin (Fig. 7) thus 
had its absorption maximum at a some- 
what shorter wavelength (533 my) than 
normal methemoglobincyanide (540 my). 
Further the ratio of the optical density 
at this maximum and the minimum at 
about 500 my was lower for the abnormal 
than for the normal methemoglobin cy- 
anide. 

The acid and alkaline hematines ob- 
tained from the abnormal component 
seem to be identical to those obtained 
from normal hemoglobin as judged from 
the light-absorption spectra. 


Discussion 


The abnormal hemoglobin previously 
designated as Norin hemoglobin (7) is 
undoubtedly to be classified as a hemo- 
globin M, a rather heterogenous group of 
hemoglobins showing obvious differences 
in their spectroscopic appearance, as com- 
pared with other hemoglobins. The de- 
signation Norin hemoglobin was chosen 
on account of the differences in reactivity 
to the abnormal hemoglobin described by 
Horlein & Weber (10, 11) and which was 
later designated as hemoglobin M by 
Singer. 

The studies of the Norin family indicate 
that the abnormality is dominantly trans- 
mitted probably appearing as a hetero- 
zygous character in the cyanotic members 
of the family. It is noticeable that the ol- 
dest generation studied showed no signs of 
cyanosis. The anomaly could therefore 
possibly have started as a mutation in 
Subject 4. This explanation has previously 
been proposed by Pisciotta et al. (15) for 
the occurrence of hemoglobin M in the 
two families studied by them. It is also of 
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interest to note that the members of the 
Norin family have exhibited a very pro- 
nounced cyanosis ever since birth. This is 
in contrast to the observations of Pisciotta 
et al., who found a delayed appearance of 
cyanosis until six weeks to six months after 
birth. This delay was due, it was suggested, 
to the presence of fetal hemoglobin. In 
contrast to Kiese etal. (12), but in ac- 
cordance with Pisciotta (15), we have 
found a reduced ability of the whole blood 
to combine with oxygen. 

As it seemed to be of fundamental im- 
portance to isolate the abnormal hemo- 
globin without previous oxidation of the 
hemolyzate, we tried different methods sui- 
table for separation of hemoglobins. Pre- 
liminary chromatographic studies on Am- 
berlite IRC-50 (XE 64) (2) and carboxy- 
methyl cellulose (9) showed encouraging 
results but hitherto the best results have 
been obtained by means of agar-gel elec- 
trophoresis, a method which has been 
found very suitable for separation of cer- 
tain other types of hemoglobins (6, 17). 
Thus a satisfactory separation of the ab- 
normal fraction from normal oxyhemo- 
globin was achieved at a neutral pH. Using 
the technique described the difficulties 
in eluting minor components from the 
agar gel could be overcome. 

The small amounts of separated material 
obtained have not as yet permitted the 
application of other methods for studying 
the homogeneity of the abnormal compo- 
nent. Before it can be considered as a 
homogeneous compound it must therefore 
be established that no impurities consist- 
ing of, for example, normal oxyhemo- 
globin occur. 

The complexity of the absorption spec- 
trum might be interpreted as due to the 


presence of the abnormal compone it 
partly in an unoxidized and partly in an 
oxidized form. This does not seem, how- 
ever, to be consistent with the difference 
in reactivity to cyanide between the un- 
treated and the oxidized samples of tie 
abnormal component. 

As stated by Gerald (5) there are several 
variants of hemoglobin M differing from 
each other spectroscopically and in their 
reactivities to cyanide. A blood sample 
from a cyanotic member of the Norin 
family was examined by Dr. Gerald and 
the abnormal component was found to be 
indistinguishable from the original Hb M of 
the Boston type (Hb Mg).? 

It cannot as yet be considered justified 
to designate Norin hemoglobin and Hb 
My, as abnormal methemoglobins, especi- 
ally bearing in mind their non-reactivity 
to cyanide and fluoride. Further studies 
on the component isolated without. pre- 
vious treatment of the hemolyzed blood 
may throw light on this problem. 


Summary 


A study of a family with hereditary cya- 
nosis has been performed. The anomaly 
was found to be dominantly transmitted 
and caused by the presence of an alnor- 
mal hemoglobin component. 

A separation of the unoxidized bod 
hemolyzate into apparently normal « xy- 
hemoglobin and an abnormal compo: ent 
was achieved both by agar-gel electro: ho- 
resis and moving-boundary electrop! ore- 
sis. The electrophoretically separatec ab- 
normal component was characterize: by 
spectrophotometric examination. The «om- 


1 We are indebted to Dr. Park S. G:rald. 
Boston, for this information. 
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Digestive Studies in Ulcerative Colitis 


by BERTIL LINDQUIST 


In the discussion of the pathogenesis of 
ulcerative colitis it has been suggested 
that digestive activity of pancreatic en- 
zymes may be a factor in producing the 
lesions of the colonic mucosa (8). In ex- 
perimental studies on dogs Portis, Block & 
Necheles (9) have thus been able to pro- 
duce lesions of the colonic mucosa by per- 
fusing the colon with 1-2 per cent trypsin 
solutions. Lake, Nickel & Andrus (7) trans- 
posed in dogs a colonic segment into the 
duodenum distal to the ampulla of Vater; 
no damage of the colonic mucosa resulted, 
however, from this operation. The same 
authors have determined the enzyme con- 
tent in the duodenum of patients with ul- 
cerative colitis; both in the fasting state 
and after stimulation with secretin no 
significant difference concerning the values 
of trypsin, amylase and lipase was found 
between these patients and normal con- 
trols. In an investigation of the secretin 
test in 26 patients with regional ileitis 
or diffuse jejuno-ileitis, and 39 patients 
with ulcerative colitis Dreiling (5) found 
an abnormal pancreatic secretion in about 
30 and 10 per cent, respectively, consisting 
of low secretory volume, low bicarbonate 
values and/or low amylase values. 

Signs of general malnutrition are often 
seen in patients with ulcerative colitis. No 
thorough investigation of the absorption 


capacity of the intestinal tract in this 
disease has, however, hitherto been per- 
formed. 

The intubation technique has made pos- 
sible studies of digestive processes at 
certain levels of the intestinal tract, and 
such studies have recently been performed 
in normal infants and infants with steator- 
rhea after administration of a test meal 
containing normal food ingredients (Borg- 
strém, Lindquist & Lundh (3)). In the in- 
vestigation presented here the 
technique was used for a study of the 
enzyme activity and the absorption capa- 
city of the intestinal tract in ulcerative 


same 


colitis. 


Experimental 


The experimental series comprised eight 
children—four normal subjects and jour 
patients with ulcerative colitis. The normal 
subjects (Cases 1-4) had been cared for in the 
Clinie for certain other diseases not affe: ting 
the gastrointestinal tract; they had rever 
had any chronic digestive troubles, and were 
all in a good condition at the time of ex peri- 
ment. These subjects were aged 11 1) 12 
years (Case 1, male, 11 years, wt. 2. kg; 
Case 2, male, 11 years, wt. 40 kg; Case 3, 
female, 12 years, wt. 32 kg; Case 4, me °, 12 
years, wt. 40 kg). In all the patients wi h ul- 
cerative colitis (Cases 5-8) the durati n of 
the disease was more than half a yea’, and 
the rectoscopy and the X-ray exami: ation 
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TABLE 1. Clinical Data of Four Patients with Ulcerative Colitis. 


Severity? of 


Age Weight Duration of X-ray® of disease (ar- 
Case Sex (years) (kg) disease (years) colon (group) _ bitrary scale) Remarks 

5 F 6 20 1} II Per Complicated by 

severe hemolytic 
anemia 

6 M 11 37 3 III + 

7 F 13 37 2 iil ++ 

8 M 15 60 5 II ++ 


* Group I indicates that the process according to the X-ray examination involved only the distal 
part of the colon. When the changes are classified as Group II, the process was found in most parts 
of the colon. When the changes were found in the entire colon and in some instances also in the 
lowest part of the ileum the X-ray findings were termed Group III. 

» According to the general condition of the patients: + = slight (generally not invalided); + + = 


medium severity (invalided some part of observation period); 


- + =serious (invalided generally 


at least one year of observation period) (Lagerkrantz 1949). 


of the colon were typical of this disease. 
The age of these patients ranged between 6 
and 15 years (see Table 2, which also inclu- 
des the main clinical data). 

Technique of obtaining intestinal specimens. 
This was mainly the same as that described 
in another paper (3). A commercial duodenal 
tube, size Number 9, was used for the ex- 
periments. The tube was passed under fluo- 
roscopie control into the site of intestine 
where the investigation was to be performed, 
ie. the distal part of duodenum and/or the 
first or second loop of jejunum. The patients 
were all able to eat as usual—the tube was 
passed through the nose. 

Experimental diet. The test meal was based 
on a formula described by Ahrens e¢ al. (1). 
To this had been added in a low concen- 
tration radioiodinated human serum albumin 
(RIHiSA), and as a reference substance poly- 
ethy'ene glycol (PEG), a substance which has 
the property of being soluble in water, and 
neve theless not to be absorbed from the 
diges‘ive tract. The composition of the test 
mea! is given in Table 2. 

C: lection of specimens. When the test 
meal vas given at 8.00 a.m., the children had 
been ‘asting for about 12 hours. The children 
rece! ed about 250 g of the test meal by 
mou’, from a glass. Fractional specimens 


were then collected by siphonage for 3-4 
hour. 
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Analysis of the samples. The samples of 
intestinal content obtained were analysed 
for PEG (= concentration of test meal), fat, 
glucose, radioactivity (from the I'31-labelled 
protein of the test meal), enzyme activity 
(trypsin, amylase and lipase) and colour at 
400 my (indicating the bile colour) as earlier 
described (3). From the ratio of PEG to fat, 
carbohydrate and [%!-activity in the test 
meal, and from the same ratios in the in- 
testinal content it was possible to calculate 
the percentage absorption of the different 
food constituents. The values thus obtained 
refer to a given sample collected during a 
certain time at a certain level of the intestine. 


TABLE 2. Composition of the test meal. 


Carbo- 


Ingredients (g) Fat(g) hydrate (g) Protein (g) 


Corn oil 74 74 — — 
Skim milk 

powder 126 0.5 
Dextrose 144 _- 138 — 
PEG 5 — — — 
RIHSA 1 — — ] 

containing 5 

[231 
Water 


Total 


S 


1000 — 
1350 
Mg per ml 60 150 50 
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Duodenum Normal Upper Jejunum 
1 wo 
Concentration 
Per Cent 
100 100 
Absorption 
of Glucose a 
or 
j 
100 100 
Absorption 
of RIHSA 
Per Cent 
| 
| 
Absorption 
of Fat 
Per Cent 
400 mp 
bo 
Amylase oo | 
Units 
Trypsin ff 
ug/ml 
j 
Lipase | 
Units/ml | 
| 
~— +o | 
2 3 4 
Hours 


Hours 


Fig. 1. Data for digestion and absorption processes obtained at the duodenal and upper}: 
level in four normal subjects. Symbols: duodenal level, O—O Case 1, x --- x Case 3, @ 
Case 4; upper jejunal level, O—-O Case 2, @--—-—@ Case 4. 
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unal 


hese 


of | 
Per 


Unit 


ug/ 


Lioa: 
Units 


Fig. 
jejun 


valu 
thos: 
mon‘ 
the 


twee 


Co 

of 

Pe 

Ab 

of 

Pe 

Ab 

of 

Per 

Abs 

0.D 

400 

Am 
ion 
ug 
the 
-en- 
s/ml 


unal 
-® 


ion 
ug 
sher 
the 
en- 
;/ml 


hese 


DIGESTIVE STUDIES IN ULCERATIVE COLITIS 


‘ Uc. Duodenu: we U.C: Upper Jejunum 
Concentration 
of 
Per Cent 
100 100 
Absorption 
of Glucose a ie 
Per Cent 
Absorption | 
of RIHSA 4 | 
Per Cent | | 
be 
Absorption | 
of Fat 
Per Cent 
0.D 
400 mp 
vale 
Amylase | 
Units/ml | 
| 
Trypsin 400+ x 
ug/ml 
300+ 
Liocse 
Units/ml 
60+ 
aot 
1 2 4 4 


Hours 


Fig. 2. Data for digestion and absorption processes obtained at the duodenal and upper 


jejuns! level in four patients with ulcerative colitis. Symbols: duodenal level, O—O Case 5, 
@---@ Case 6, @---@ Case 7, x--- x Case 8; upperjejunal level, O—O Case 6, 
@ -—--@ Case 7, X Case 8. 
values being significantly higher than Admiature of bile. The concentration of 


those seen in infants during the first bile, as indicated by optical density at 
mon‘ of life (4). Finally the lipase values 400 my, varied widely. In one of the 


vari¢ 


in both the normal subjects and patients with ulcerative colitis (Case 5), 


the »atients with ulcerative colitis be- which was complicated by a hemolytic 


twee» approximately 20 and 80 units/ml. anemia, excessively high values were 
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seen; under such conditions no parallelism 
can, of course, be assumed to exist be- 
tween the concentration of bile pigments 
and other bile constituents. 

Absorption of food constituents. The 
concentration of PEG in the intestinal 
content indicates that in the patients with 
ulcerative colitis the test meal was diluted 
about three times when passing the upper 
intestinal tract, as compared to about 
twice in the normal subjects; the dif- 
ference between the two groups is, how- 
ever, not statistically significant. 

In both the experimental groups the 
values for the absorption of fat varied 
around 60 and 75 per cent at the duodenal 
and upper jejunal level, respectively. In 
the normal subjects the absorption values 
of RIHSA and glucose were found to be 
about 20 per cent at the duodenal level, 
and about 35 and 40 per cent, respectively, 
at the upper jejunal level. In the patients 
with ulcerative colitis the corresponding 
values were at the duodenal level about 
15 per cent, and at the upper jejunal level 
about 25 and 30 per cent, respectively. 
Thus there was a tendency to a lower ab- 
sorption of RIHSA and glucose in the 
patients with ulcerative colitis; the dif- 
ference is, however, not statistically signi- 
ficant. 


Discussion 


found on the material 


The 


presented above do not indicate any dif- 


results 


ference in the secretion of the pancreatic 
enzymes in patients with ulcerative colitis 
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as compared to normal subjects; in bc th 
groups the enzyme curves proceeded at 
about the same level during the whole ex- 
perimental period. So far the results of the 
present investigation do not support the 
hypothesis that in ulcerative colitis there 
is an increased digestive activity of pan- 
creatic enzymes on the colonic mucosa, 

The absorption of fat, glucose and 
protein (RIHSA) in the upper part of the 
intestinal tract was not appreciably af.- 
fected in the patients with ulcerative coli- 
tis as compared with the normal subjects. 
Thus malnutrition of patients with ul- 
cerative colitis cannot solely be caused by 
decreased absorption capacity of the in- 
testinal tract; other factors, such as in- 
creased loss of endogenous protein from 
the intestinal tract, are probably also 
operating. 


Summary 


The digestion and absorption processes 
have been studied in four normal children 
11 to 12 years of age, and in four patients 
with ulcerative colitis, 6 to 15 years of 
age, after ingestion of a well-defined test 
meal. The upper intestinal tract was in- 
tubated and consecutive analysis of the 
intestinal content obtained by a siphonage 
were performed. 

No significant difference was found 
between the normal subjects and_ the 
patients with ulcerative colitis with res ect 
to the secretion of pancreatic enzyme: and 
the absorption of different foodstuf s in 
the upper intestinal tract. 
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Chronic Pancytopenia with Multiple Congenital Abnormalities 
(Fanconi’s Anaemia) 


by LARS R. NILSSON 


In 1927 Fanconi described three bro- 
thers who. at about the age of 6 years had 
developed macrocytic, hyperchromic anae- 
mia, which proved fatal within a year of 
onset. The bone marrow consisted mostly 
of fat, with scattered haemopoietic foci. 
These cases were characterized by stunted 
growth, microcephaly, anomalous skin 
pigmentation, hypogonadism, strabismus 
and exaggerated reflexes. 

About 90 cases are described to date, in 
which chronic progressive pancytopenia 
has been found together with congenital 
abnormalities. The majority have shown 
a familial tendency. Estren & Dameshek 
have reported familial hypoplastic anae- 
mia in childhood, in the absence of other 
abnormalities. This must be regarded as a 
variant of Fanconi’s syndrome. 

The purpose of this article is to review 
briefly the anaemia of Fanconi, and to 
present three new cases of the condition. 


Distribution 


The disease has appeared in various 
parts of the world, and as well as in 
Switzerland, it has been described as oc- 
curring in several other European coun- 
tries, in North and South America, South 
Africa, Turkey and Japan. 


The syndrome is seen almost exclusively 
in childhood: only 4 cases are descriled 
in which symptoms have first appeared 
after the second decade (12, 40, 43). The 
most usual age of onset is between 4-7 
years in boys, and 6-10 years in girls. 
The youngest victims known were a few 
months of age (3, 5). 

Table 1 shows the sex distribution of 82 
cases, and the presence or absence of a 
familial tendency in these. A further 10 
cases appear in publications to which we 
have not had access. 


Symptoms 


The increased bleeding tendency is al- 
ways the most alarming symptom. Af- 
fected children have had bruises, severe 
nose bleeds, and sometimes haemorrhage 
in the gastro-intestinal tract. The anaemia 


TABLE 1. Published cases of Fanconi’s aive- 
mia classified according to sex, and fan: ‘al 
or sporadic incidence. 


tal 
3 fe) 
Familial cases 40 22 2 
Sporadic cases 10 10 0 
Total no. of cases 50 32 32 
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has given rise to pallor, fatigue, and even 
palpitations breathlessness. Many 
have been obviously susceptible to in- 
fections. A number of cases seem to have 
arisen in connection with an infective ill- 


ness. 


Haematological Features 


The peripheral blood. Pronounced pan- 
cytopenia is typical in this syndrome. In 
exceptional cases the picture has been 
dominated by, e.g. anaemia (3, 46), leu- 
copenia (37), or combinations such as 
anaemia with thrombocytopenia (Fan- 
coni’s Case 3), or anaemia and leucopenia 
(van Buchem’s Case 2). The fully deve- 
loped pancytopenia has in some cases 
preceded by other hypoplastic blood 
changes, e.g. neutropenia (41), thrombo- 
cytopenia (47), anaemia and leucopenia 
(30). One patient had hypoplasia of the 
hone marrow without definite changes in 
the peripheral blood picture (24). 

The erythrocytes are typically normo- 
or hyperchromic, anisocytic, with many 
macrocytes. Other features have been 
noted such as poikilocytosis and target 
cells. Reticulocytes are few in the late 
stages of the disease, but usually more 
numerous during the initial stages. Some- 
times marked increases with values up to 
10-30 % have been noted (16, 29, 35, 46). 

‘he leucopenia consists mainly of a 
reduction of granulocytes, and there is a 
relative lymphocytosis, which may amount 
to 70-80 %. 

\ery occasionally, features suggestive 
of creased haemolysis have been noted. 
Fiv> cases showed increased red cell 
fraility (5, 23, 43, 49, 50), and 3 showed 
per.odie fever with mild icterus (2, 14, 
34). Irregular antibodies have been demon- 


strated in 1 case, but had probably no 
pathogenetic significance (42). The eryth- 
rocyte life-span has not been determined. 

Three cases of leucaemia have been 
reported in families with Fanconi’s anae- 
mia (5, 12, 41). The occurrence of Cooley 
anaemia trait in another such family was 
probably coincidental (10) and so was the 
existence of haemoglobin J in yet another 
(40). 

The bone marrow. Bone marrow seen at 
autopsy has consisted mainly of yellow 
fat, with sparse nests of haemopoiesis 
in certain areas. Marrow smears from 
living patients have differed widely, partly 
according to the duration of the disease, 
and again according to whether the 
biopsy needle struck a haemopoietic fo- 
cus or an area of inactive marrow (15). 
In the early stages erythropoiesis has often 
appeared active, and has been assessed 
as absolutely or relatively increased (3, 4, 
14, 15, 29, 46). Erythropoiesis appears to 
be preserved longer than myelo- and throm- 
bopoiesis. In the later stages the bone 
marrow has shown progressively fewer 
cells. 

A number of authors have observed 


changes in the reticulo-endothelial struc- 


ture of the bone marrow (2, 4, 27, 48, 46), 
consisting of increased fibrosis, and an 
abnormal preponderance of reticular cells 
and plasma cells, sometimes even masto- 
cytes. Rohr interpreted these bone-mar- 
row findings as the primary changes cha- 
racteristic of the syndrome. 

Higashi ef al. demonstrated in their 
case a weak peroxidase reaction in the 
bone marrow, and even in the red cells 
when the anaemia was advanced. 

The active type of haemopoiesis in 
bone marrow, together with the reticulo- 
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TABLE 2. Different abnormalities in 68 
published cases. 


Abnormal pigmentation 51 
Skeletal deformities 40 
Stunted growth 38 
Small head 29 
Renal anomalies 19 
Strabismus 18 
Microphthalmia 9 
Ptosis 2 
Epicanthus 2 
Nystagmus 2 
Deafness 7 
Deformities of the ear é 
Exaggerated reflexes 9 
Mental backwardness 14 
Hypogenitalism 15 
Cryptorchism 5 
Hypospadias 3 
Transposition of penis and scrotum 1 
Adiposity 5) 
Cardiac murmurs 19 
Congenital heart disease 4 


cytosis, is more suggestive of a haemolytic 
condition than of chronic panmyelophtisis. 
The discrepancy between the severe anae- 
mia and the active-looking bone marrow 
has been taken as indicating that the bone 
marrow, though markedly reduced quanti- 
tatively, is still qualitatively normal, and 
capable of reactive hyperplasia (15, 35, 
46). Certain writers have puinted out a 
suppression of maturity in the bone mar- 
row (2, 3, 5, 41, 43), but this may be due 
to an increase in production with release 
of young forms into the circulation. In all 
probability, however, there are qualitative 
changes in the marrow, even in the active 
foci. Evidence in favour of this is given by 
the demonstrated changes in the reticulo- 
endothelial structure of the marrow, the 
discrepancy between erythropoietic acti- 
vity and myelo- and thrombopoiesis, and 
the progressive course of these bone-mar- 
row processes. 


TABLE 3. Different skeletal deformities in 
40 cases of Fanconi’s anaemia. 


te 


Thumb deformities 

Reduced number of ossification centres 
in the wrist 

Aplasia of Ist metacarpal 

Hypoplasia of Ist metacarpal 

Aplasia of radius 

Hypoplasia of radius 

Absence of lower arm 

Broad base in proximal phalanges 

Congenital dislocation of the hip 

Syndactylism 

Sprengel’s deformity 

Scoliosis 

Cervical rib 

Hip disease of Perthe’s type 

Club foot 

Increased impressiones digitatae in cranium 

Generalised osteoporosis 


w 


Associated Anomalies and Malformations 


Among the 82 reviewed cases of Fan- 
coni’s anaemia, there were 13 who only 
had pancytopenia without malformations 
or constitutional anomalies (1, 8, 10, 14, 
19). One case was not admitted because of 
lack of information. The various findings 
in the other 68 cases are represented 
in Tables 2-4. The most common chang- 
es are abnormal pigmentation, stunted 
growth, and deformations of the distal 
radial portions of the upper limbs. Fea- 
tures quite often seen are abnorma!ly 
small head, strabismus, malformations of 
the kidney, and small genitalia. About one 
fifth of the patients are mentally retard 1. 


TABLE 4. Various renal deformities in 
cases of Fanconi’s anaemia. 


Renal aplasia 

Double pelvis and/or ureters 
Horseshoe kidney 

Hydronephrosis 

Abnormally low situation of kidney 
Congenital renal cyst 
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Increased pigmentation is seen mostly 
on the trunk, often perianogenitally, in 
the groins and axillae, and round the neck. 
It may appear as mottling, or as large 
patches with diffuse boundaries, within 
which smaller patches of viteligo type may 
occasionally be seen (12, 36, 47, 50). The 
pigment is melanin (5, 21, 33). Pigmenta- 
tion may take its appearance before the 
blood changes are manifest (5, 16, 21, 22), 
at the same time (20), or at a later stage. 
The cause of this increased melanin deposi- 
tion is unknown. 

It seems remarkable that deformities 
are seen so often in the upper limbs, and 
so seldom in the lower limbs (Table 3). 
The distal radial structures are particu- 
larly affected: thumb, Ist metacarpal, 
radial wrist bones, and the radius. The 
reduced number of ossification centres in 
the wrist has sometimes been interpreted 
as delayed ossification (5, 21, 36), or a 
lowered bone age (13, 32, 42). In an ortho- 
paedic series of patients with radial de- 
fects (8) a reduction was also noted in the 
number of ossification centres in the wrist, 
and was explained here by the fact that 
the wrist bones were missing or rudimen- 
tary, or that individual centres of ossi- 
fication had merged to form larger bones. 
In a few patients with Fanconi’s anaemia 
similar changes have been demonstrated 
(2, 9, 20), which suggests that the reduc- 
tio: in number of ossification centres is 
a question of malformation. 

Tendency to absence or merging of 
orgn embryos is seen again in the urinary 
tra‘«, where aplasia of the kidney is the 
cor monest anomaly. There is a signifi- 
car ly high incidence of horse-shoe kidney 
(2, 4, 18). In 5 of 10 cases of solitary kid- 
ne\. the latter was found to have double 


pelvis and/or double ureters (12, 34, 36, 
41, 47). In these cases the solitary kidney 
may be the result of merging of the bila- 
teral embryonic organs; evidence for this 
is provided by the following two observa- 
tions. The case reported by Cowdell et al 
was noted to have a single kidney, but 
two renal arteries and two ureters which 
opened one into each side of the bladder. 
van Buchem et al. found an ectopic left 
kidney lying on the right side, below the 
right kidney, in 2 siblings. 

In 15 boys the genitalia were described 
as small, some as very small (21, 30, 47). 
It is difficult to accept this as evidence of 
hypogonadism in patients below the age of 
puberty. One classes this finding rather, 
along with short stature, little head, and 
small eyes, as a sign of hypoevolution. In 
2 of the 4 adult males, however, clinical 
signs of hypogonadism were found (12, 
43). An abnormally small hypophysis was 
found at autopsy in 2 cases (12, 32). 
Adrenal hypoplasia has also been descri- 
bed (36). 

Obesity has been noted in 2 boys (49) 
and 3 girls (3, 20, 46). The girls had en- 
larged breasts, but no other sign of early 
sexual maturity. 

Cardiac murmurs have commonly been 
discovered, but definite cardiac malforma- 
tions reported in only 3 cases (12, 20, 34). 
A number of others had been assessed 
clinically as certainly having heart lesions, 
on the grounds of cardiac enlargment 
together with type of murmur, but in 
these no abnormality could be demon- 
strated at autopsy (21, 35, 47). The mur- 
murs are probably in most cases of anae- 
mic origin. 
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Treatment 


Iron, liver extracts, vitamin B12, folic 
acid, testosterone (12), ACTH and corti- 
sone have all been tried in treatment, but 
without effect. The patients have tolerated 
their low blood values relatively well, but 
sooner or later have come to require repea- 
ted blood transfusions. 

Splenectomy was carried out in 19 
cases, of which 2 died in the postoperative 
period. In 8 of the others there was no 
improvement. Four cases showed a tem- 
porary improvement (3, 22, 28, 43). The 
need of blood transfusions diminished in 2 
vases (9, 20). Enduring benefit was noted 
in 3 cases (14, 15, 19). One of these was 
atypical and the improvement cannot 
with certainty be attributed to operation 
(14). 

Resection of spleen should only be under- 
taken where the bone marrow retains the 
power of active regeneration (19, 22). A 
quite small increase in leucocytes and 
thrombocytes can in particular cases re- 
duce the risk of severe infections or hae- 
morrhage (28). Francis et al. maintain 
that, with regard to the chronic, progres- 
sive nature of the disease, any effect of 
splenectomy can at best be temporary, and 
suggest that repeated blood transfusions 
are the only feasible treatment. 


Clinical Course and Prognosis 


The course of the disease is typically a 
slow progressive one. The majority of 
recorded cases have terminated fatally. 
Time of survival of those dead was in 
many cases 2 years or less from the ap- 
pearance of symptoms, and in no case 
longer than 5 years. Of those still living at 
the time of publication 5 had survived for 


more than 5 years (3, 9, 15, 16, 39). Th- 
longest survival reported was 15 years (3) 
but this case was not typical, and the diag- 
nosis perhaps uncertain. In exceptiona| 
cases the progressivity of the disease 
seems to disappear, at least for long pc- 
riods (3, 15, 19). 

The most usual causes of death have 
been severe anaemia, haemorrhage oc- 
curring intra-cranially or into pericardium 
or gastro-intestinal tract, and infections. 


Genetic Considerations 


Most cases of the disease have a familial 
background which indicates a _ genetic 
origin. In 3 sporadic cases there was a 
history of infection in the mother during 
the first months of pregnancy (2, 20, 46). 
There are no other known environmental 
factors. In a pair of binovular twins, one 
twin had the disease while the other was 
healthy (19). In almost all cases where 
the birth weight was recorded, it was 
lower than normal without the child being 
premature: this must be regarded as evi- 
dence of deranged development already 
in utero. 

The 62 cases with a familial background 
were distributed among 30 families. Ten 
families presented only one case each of 
Fanconi’s anaemia, these being regarded 
as familial because of consanguinity in ‘he 
parents (6, 17, 25, 32), the occurrence of 
similar abnormalities (11, 12, 27, 32, °4) 
and/or other blood dyscrasias than p:n- 
cytopenia (5, 12, 23) in siblings or ot ier 
close relatives. An illustrative exampl is 
given by Cowdell et al., who describe! 2 
brothers. These were both of small stat re, 
with abnormal skin pigmentation, de-or- 
mities of the hands, and small genit: lia. 


fore 


in o 


One 
mia 
leul 
sibl; 
gene 
slig] 
and 
in t 
the 
ther 
in tl 
tion: 
chile 
case 
Si 


repre 


there 


def» 


on: 


Ce} 


ble 
on 
Fat 
Cor 
Per 
Mo 
Hee 
a 

in 
fanii 
ane.e 

|| 
sist] 
on 


‘ia. 


CHRONIC PANCYTOPENIA (FANCONI’S ANAEMIA) 523 


SABLE 5. The occurrence of Fancont’s anae- 
nia, congenital abnormalities without evident 
blood disease, and mortality of other origin 
among 125 children in 22 families with fa- 
milial cases of Fanconi’s anaemia. 


No. of 

cases 
Fanconi’s anaemia 47 
Congenital defects” 11 
Perinatal mortality 11 
Mortality from infectious disease F 
Healthy individuals 54 


* One case died aged 3 days, further two be- 
fore reaching 18 months. Leukaemia appeared 
in one case. 


One brother had a typical Fanconi anae- 
mia, and the other an undifferentiated 
leukaemia. 

The familial cases nearly all occurred in 
siblings. Blood changes in the parental 
generation were noted in only 2 families: 
slight pancytopenia in the mother (13), 
and in the other instance, neutropenia 
in the father, paternal grandmother and 
the father’s uncle (23). In 2 other families 
there was a history of tendency to epistaxis 
in the elder generation (19, 21). Malforma- 
tions of similar type in both parents and 
children were only seen in Imerslund’s 
case (32). 

Since the disease is nearly always fatal 
in childhood, there is little possibility of 
reproduction among these patients. In the 
family described by van Buchem al. 
there were two sisters with typical Fanconi 
ansemia, and a third sister with similar 
def rmities and bone-marrow changes, but 
on! a mild thrombocytopenia. The latter 
sis‘-r gave birth to a child with micro- 
ce} 1aly and meningocele, which survived 
on » a few days. Nothing more is recor- 


ded concerning offspring to patients with 
Fanconi’s anaemia. 

There was consanguinity between pa- 
rents in 6 affected families (6, 16, 17, 25, 
29, 32). 
marriages, one a second-cousin marriage. 

The genetic defect shows itself in dif- 


Five of these were first-cousin 


ferent ways. In a number of cases changes 
have occurred only in the blood and the 
bone marrow (1, 8, 10, 14, 19) or the blood 
changes are combined with only slight 
congenital anomalies (16, 23, 43). In other 
cases there had been congenital anomalies 
without evident blood changes (11, 23, 
30, 32, 34, 41) (Table 5). Congenital mal- 
formations with slight (9, 16) or quite dif- 
ferent (12) blood changes are a rare variant. 

The pattern of heredity has generally 
been regarded as autosomal recessive (6, 
41). Imerslund described similar deformi- 
ties in both mother and child, and sug- 
gested the possibility of a dominant here- 
dity. Weicker has calculated that the in- 
cidence of illness among younger siblings 
of Fanconi cases is greater than one could 
expect, if the gene were recessive. 

The following points are of interest: 
(1) the sex distribution (50 male, 32 fe- 
male), (2) the high incidence of consangui- 
nity (6 of 30 families), (3) the high inci- 
dence of illness among siblings (Table 5), 
(4) it was exceptional to find parents af- 
fected. 

There is nothing pointing to a sex- 
linked heredity. The difference between 
the incidence of sex is not greater than can 
be expected by chance. Factors (2) and (4) 
agree well with the presumption of an 
autosomal recessive gene. The high inci- 
dence of illness among siblings may be an 
effect of sampling material from literature. 
The probability is greater that families 
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with a number of sick children will be 
reported than isolated cases. The assump- 
tion of autosomal recessive heredity is 
with all probability correct. 

It has also been noted in “idiopathic 
aplastic anaemia” that blood anomalies 
occurred among relatives with a greater 
frequency than could be considered as 
purely coincidental (1, 31). 

Radial deformities, which seldom show 
a familial incidence and are usually ex- 
plained as early injury or embryonic de- 
ficiency, are often accompanied by other 
abnormalities of the type seen in Fan- 
coni’s anaemia (8). Some sporadic cases 
of Fanconi’s anaemia may have the same 
etiology, but a genetic origin cannot be 
ruled out, even if the mother has had an 
infectious disease in the beginning of 
pregnancy. 

A similar syndrome to Fanconi’s anae- 
mia is that of congenital hypoplastic 
thrombocytopenia together with defor- 
mities. These patients differ from Fan- 
coni cases in that their symptoms usually 
develop shortly after birth, and in patients 
who survive the first year of life the disease 
is not progressive. The syndrome usually 
occurs sporadically and has been thought 
to be the result of early embryonic insult 
(7, 51). The condition has, however, re- 
cently been described in siblings of two 
families (26, 45) which supplies evidence 
for a genetic cause even in these cases. 


Clinical Histories 


Case 1. U.N., born 9.1.1950, referred to 
the Children’s Hospital, Gothenburg, at 7 
years of age for investigation of blood dys- 
crasia. He had a long history of being easily 
bruised: blood examination had revealed 
a marked anaemia and thrombocytopenia. 


LARS R. NILSSON 


He was No. 3 in a sibship of three; parent; 


and siblings healthy; no consanguinity. 
Mother’s brother had died of sepsis at tho 
age of 9 months. There were no known de- 
formities or blood disease in the family. 
Pregnancy normal and full-time; deliver. 
normal with birthweight 2700 g. 

During the first year of life, he had repex- 
ted upper respiratory infections, with ad- 
mission to hospital on two occasions. H} 
had then varied between 8.3 and 9.6 g °%. 
Iron administration had had no effect. At 
6 years, he was again admitted to hospital 
for investigation of anaemia and _ suscep- 
tibility to infection. Hb concentration was 
then 9.1 g%, R.b.c. 4.0 millions/mm$%, and 
W.b.c. 3700; serum Fe was 137 gamma °,,. 

On examination: A slightly built boy, 
short for his age (height 118 cm, weighit 
18.1 kg) and with small head (circumference 
47.5 em). Skin pale, with a number of ec- 
chymoses of recent and older date. Thumbs 
were deformed and _ rudimentary, with 
limited movement in the interphalangeal 
joint: the left thumb was loosely connected 
with the rest of the hand. The eyeballs were 
small, and in the inner corner of the right eve 
a small epicanthus was noted; there was also 
a slight convergent strabismus. No abnor- 
mality was discovered in heart or lungs. No 
liver, spleen, or lymph gland enlargement. 
Testicles were small and firm: the penis small 
for his age. Neurological status appeared 
normal. The boy was active and of average 
intelligence. Fig. 1 is a picture of the patient 
at 84 years of age. 

X-ray examinations. Skeletal X-rays 
showed hypoplasia of metacarpal and plia- 
langes of the Ist digit. On the left, the ‘st 
metacarpal was defective proximally. Two 
wrist bones, most probably os capitatum #nd 
os hamatum, were fused in the left wr st, 
to a single larger bone. There was no ost °0- 
porosis. X-rays of heart and lungs wre 
normal. In a straight abdominal X-ray he 
kidneys appeared to be of normal size «nd 
shape: no splenic enlargement was no‘ °d. 

Laboratory investigations. Haemogl« 
level on admission was 7.3 g%, R.b.c. 2.6 
mill./mm3, W.b.c. 2000 of which 78 % \v ere 
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Fig. 1. Case 1 at 84 yrs of age. Note the rudi- 
mentary thumbs. 


lymphocytes. Thrombocytes 4000, coagula- 
tion. time 7 minutes, bleeding time 6 minutes. 
Pro‘ hrombin index 81. The mean red cell 
dia neter was 7.4—-7.8 uw. Reticulocyte count 
1.5 °,. Coomb’s direct test was negative. No 
col. agglutinins or other atypical agglutinins 
we: » demonstrable. Serum bilirubin 0.19 
mg 4. Serum Fe 137 gamma %. 

mne-marrow examination revealed in- 
crc sed deposition of fat. Erythropoiesis 
we increased relative to other types of cell 
for .ation, but an absolute increase was more 
dit cult to demonstrate. Erythropoiesis 
Wwe normoblastic, but a few macroblasts 


were seen. In a very few erythroblasts 
“Jolly bodies’ were identified. The red 
cells showed increased anisocytosis, poly- 
chromasia, and a suggestion of poikilo- 
cytosis. On special staining to demonstrate 
the presence of iron, 88 % were seen to be 
sideroblasts and free iron was _ plentiful. 
There was marked reduction in myelopoiesis, 
though the proportion of mature types was 
normal: there was moderate toxic granula- 
tion. There was an apparent increase in 
lymphocytes. Megakaryocytes were sparse, 
immature and not productive of thrombo- 
cytes. No thrombocyte agglutinates were 
demonstrated. Reticular cells were noted in 
normal numbers. There was also a number of 
small fibroreticular nests (H. Hansen). 

On examination of gastric juice, free 
hydrochloric acid was found to be present. 

The urinary sediment contained agglo- 
merations of red blood cells. 

Treatment and course. Iron therapy had 
previously been tried without success. The 
boy was treated by repeated blood trans- 
fusions, often accompanied by severe febrile 
reactions. Despite his low blood counts 
(Table 6) he was very active and took part in 
sports, though troubled by breathlessness 
and palpitations. At times he was excessively 
fatigued, and might have persistent bleeding 
from nose, gums, or in the skin. Sometimes 
he had haematuria. The skin of inner thighs 
and perineum became gradually discoloured 
slate-grey, and isolated patches of brownish- 
grey pigment appeared on the trunk. 

Marrow examination at a later date showed 
sparser cells, but a smilar picture in other 
respects. The mean red cell diameter had 
increased to 7.8—8.2 

The boy died at home at the age of 9 
years, 4 months. The cause of death was 
probably grave anaemia. Autopsy was not 
carried out. 

Case 2. M.O., a girl nearly 7 years old, 
born 24.12.1952, first admitted to the 
Children’s Hospital at 2 years of age on ac- 
count of subcutaneous haemorrhages. Pa- 
rents healthy and not related. The patient 
had two brothers, one aged 9, healthy, the 
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TABLE 6. Blood values in Case 1, who was born 9/2/1950. About 70-85 % of the whii: 
cells were lymphocytes. 


Haemoglobin R.b.e. Retic. Leukoc. Throm- 
Date £% mill./eumm % cumm. bocytes 
13/2/1951 9.4 3.9 6400 
18/12/1952 9.4 6600 
7/3/1956 9.1 4.0 3700 
13/4/1957 4.0 2.6 1.5 2200 4,000 
2/9/1957 Pe 2.5 2.0 3000 16,000 
12/11/1957 5.6 2.0 0.8 2400 25,000 
10/1/1958 5.9 Py 3.3 1100 5,000 
13/3/1958 5.4 1.8 1.3 2100 11,000 
29/7/1958 5.2 1.1 2.5 1600 5,000 
4/11/1958 4.6 1.4 1.8 1800 6,000 
20/4/1959 i 475.000 3400 16,000 


other aged 3 being Case 3 described below. 
Otherwise there was no family history of 
blood disease. Pregnancy and delivery were 
normal: birth weight 3170 g. 

On examination at the age of 2 the child 
had been pale, and had a number of skin 
haemorrhages of recent and older origin. 
Hb 8.5 g%, R.b.c. 2.8 millions, W.b.c. 
6100 of which 84% lymphocytes; 
thrombocytes 12,000. Bleeding time was 7 
min, clotting time 5 min. Prothrombin index 
90. Clot 
34 and 48% respectively. Tourniquet test 


were 


retraction gave variable results: 


for decrease in capillary resistance was posi- 
tive. 

The bone marrow showed cell sparsity, 
with lymphocytes dominating. Erythropoie- 
sis was increased in relation to myelopoiesis. 
A number of macroblasts were seen, but no 
megaloblasts. The erythrocytes showed ani- 
so- and macrocytosis. Myelopoiesis was de- 
pressed. No megakaryocytes were seen. 

The findings were then interpreted as 
thrombocytopenic purpura. ACTH and cor- 
tisone treatment were tried without effect. 
child’s 


condition remained largely stationary. She 


During the ensuing years the 


had no pronounced fatigue, and the tendency 
to easy bruising seemed even to diminish. 

She was admitted again at the age of 6 
for clinical assessment prior to dental ex- 
tractions. She was pale, with haemorrhages 


in the skin, mostly of older origin. She was 
117 cm tall, and weighed 20.3 kg. She was of 
normal build with no evident deformities. 
A distinct systolic murmur was heard pre- 
cordially. Liver, spleen and lymph glands 
were not enlarged. Peripheral reflexes were 
normal. 

Laboratory investigations. The blood values 
are depicted in Table 7. The red cell picture 
was characterized by moderate anisocytosis, 
and a certain degree of macrocytosis. The 
mean cell diameter according to the Price- 
Jones curve was 7.3 wu. MCHb 36 wy. Bleeding 
time was 35 min. Clotting time 7} min. 
Serum Fe 150 gamma %. B12 in serum was 
525 ywg/ml. 5-hydroxytryptamin excretion 
was 2.8 mg % in the 24-hr urine specimen. 
There was normal excretion of amino-acids 


TABLE 7. Blood values in Case 2, M.., 
born 24/12/1954. About 65-85% of the wi. ite 
cells were lymphocytes. 


R.b.e. Throm- 
Hb mill/ W.b.c. bo./ Re tic. 
Date g% cumm. cumm. cumm. 
1954 8.5 2.6 6100 12,000 
11/1958 8.0 22 4300 14,000 8 
3/1959 5.5 1.8 4300 4,000 
5/1959 6.3 1.8 4500 20,000 6 
9/1959 6.0 1.3 4000 14,000 6 
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and other ninhydrin-positive substances in 
the urine (R. Jagenburg). 

The bone marrow showed cell sparsity 
with markedly depressed myelo- and throm- 
bopoiesis. Erythropoiesis was relatively well 
preserved. There was no apparent increase 
in fat deposition or fibro-reticular structures 
(H. Hansen). 

Case 3. H.O., younger brother of Case 2, 
born 7.1.1956. Had always shown a tendency 
to easy bruising. He was noted to have isola- 
ted small haemorrhages in the skin, but 
general examination was otherwise negative. 
At the age of 3} his height was 103.5 cm. 

Laboratory values. Hb 11.0 g%. Erythro- 
cytes 3.4 millions, leucocytes 3800, of which 
68 % were lymphocytes; reticulocytes 1.3 % 
and thrombocytes 19,000. Bleeding time 
was 2 min 15 see. Clotting time 43-5 min. 
The red cells showed slight anisocytosis, and 
their mean diameter was 7.3 yw. 


Comments 


Case | is a typical example of Fanconi’s 
anaemia. The boy was short in stature, 
with a small head, small eyes, small geni- 
talia, rudimentary thumbs and Ist meta- 
carpals, strabismus, and subsequent ap- 
pearance of abnormal skin pigmentation. 
He had a marked pancytopenia which 
proved to be progressive. Erythropoiesis 
in the bone marrow appeared to be active. 
It was possible that his mother’s brother 
had had the same blood disease. 

Case 2 and 3 were siblings. They showed 
no other abnormality than the blood 
changes. The peripheral blood picture in 
Cas» 2, as well as the bone marrow’s ap- 
pea ance, corresponded with those of 
Cas’ 1. The younger brother had a pro- 
nou .ced thrombocytopenia, but little more 
tha» a suggestion of anaemia and _ leu- 
coy nia. These two, brother and sister, 


must be regarded as examples of Estren & 
Dameshek’s variant of Fanconi anaemia. 

Splenectomy was suggested, and decli- 
ned by the parents of Case 1. It is con- 
ceivable that splenectomy should be at- 
tempted in Case 2. As long as the condi- 
tion remains stationary, however, we are 
unwilling to take the risks of splenectomy, 
especially since the results of operation 
cannot be predicted. 


Summary 


A review of Fanconi’s anaemia is given, 
based on 82 published cases. The disease 
is characterized by chronic pancytopenia 
in combination with other abnormalities 
such as abnormal pigmentation, stunted 
growth, deformities of upper limb, small 
genitalia, and kidney anomalies. A variant 
of the syndrome is familial pancytopenia 
without deformities. Symptoms of blood 
dyscrasia are noted in childhood, and 
there is usually progress to a fatal issue 
within a few years. 

In most cases the disease shows a fami- 
lial background. The pattern of heredity is 
with all probability autosomal recessive. 

A typical case of Fanconi’s anaemia is 
presented. In addition a brother and sister 
are described, with blood changes in the 
absence of other abnormalities. 
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From the Department of Pediatrics, University of Gothenburg, Gothenburg, Sweden 


Is the Rate of Hypertrophic Pyloric Stenosis Declining? 


by ARVID WALLGREN 


Introduction 


In 1941 the author published an ac- 
count of his experience of the incidence of 
hypertrophic pyloric stenosis in Gothen- 
burg during the period 1934-1940. It 
was stressed that the conditions for esti- 
mation of the true frequency of the disease 
were exceptionally satisfactory in Gothen- 
burg. The diagnosis of infantile pyloric 
stenosis had been one of the chief interests 
not only of the pediatricians at the Chil- 
dren’s Hospital but also of the few prac- 
tising pediatricians in the city. The Chil- 
dren’s Hospital was the only one for sick 
children in Gothenburg and all infants in 
need of hospital treatment were referred to 
this institution. The Infant Welfare Centres 
were conducted by the pediatricians and 
were attended by 80 % of infants in Go- 
thenburg. If there was a suspect case of 
hypertrophic pyloric stenosis among the 
attending infants, the child was sent to 
the Hospital for X-ray examination or 
observation. In this way it was concluded 
that although the recorded number of 
eases of hypertrophic pyloric stenosiss 
must be considered as minimal, only ex- 
ceptionally did a manifest case of the 
disease escape detection. The altogether 
symptom-free cases could, of course, not 
be included. 


The incidence of hypertrophic pyloric 
stenosis was in the 7-year period men- 
tioned estimated to be 4 per 1000 live in- 
fants with annual variations between 
2.5 and 5.7 per 1000. This study was a 
first attempt at determining the actual 
incidence of hypertrophic pyloric stenosis 
in a community. It was emphasized that 
the observed incidence might serve as a 
basis for comparison with the figures 
from the estimated incidence of the dis- 
ease in other countries. 

Since the publication of this study know- 
ledge of the incidence of hypertrophic 
pyloric stenosis in various countries has 
improved with data from several places. 
Although the conditions for not missing 
any case were not as favorable as in 
Gothenburg, certainly not many manifest 
cases have been omitted, and thus a com- 
parison of the incidence may, with some 
reservation, be made. 

Dawson in 1946 reported the incidence 
in Newcastle-upon-Tyne during the period 
1939-1942 to be 2.8 per 1000 live births 
and maintained that there is no significant 
difference between this figure and_ the 
Gothenburg figure. In 1951 Lawson (8) 
showed the figure for the incidenc: in 
Dundee during the period 1940-194 i to 
be 1.5 per 1000 live births and stressed 
that this is a significantly lower incic :nce 
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as compared with the figures from Gothen- 
burg. In Edinburgh for the period 1950- 
1958 Smith (6), in 1960, reported 3.6 per 
1000 live births and in Birmingham the 
incidence was estimated to be 3.10 per 
1000 live births, a figure given by McMa- 
hon, Record & McKeown in 1951. 

In 1941 the present author quoted some 
published and personal communications 
with regard to the non-occurrence of py- 
lorie stenosis in the population of other 
parts of Europe (Turkey) and in tropical 
countries (Beligan Congo). We have now 
obtained information that the disease may 
occur even in the African race (Petcher; 
Luder; Hamilton; Arya & Hall-Craggs 
(2)) but only single cases of the disease 
have so far been reported and we do not 
know how low the incidence of the disease 
in this part of the world is. That there 
must be a very significant difference be- 
tween the incidence in Africa and in Swe- 
den and Great Britain seems obvious. One 
must, however, keep in mind the reluctance 
of the African mothers to take their in- 
fants to physicians and the superstition 
that morbid symptoms depend on the 
wrath of the gods and the parents’ ten- 
dency to rely upon witch-craft instead of 
Western medicine for the treatment of 
ailments. In the sum total it is quite im- 
possible at present to obtain reliable know- 
ledze of the number of live births and the 
number of cases of hypertrophic pyloric 
sterosis in these underdeveloped coun- 
tries. 

\Vhen the author moved from the Chil- 
dre 1's Hospital in Gothenburg to the Pedia- 
tri’ Department of Norrtull’s Hospital in 
St(ckholm in 1942 he was struck by the 
sm il number of cases of hypertrophic 
py oric stenosis hospitalized at the latter 


hospital as compared with the cases 
treated in Gothenburg. This impression 
was further enforced by the author’s sub- 
sequent local experience and by personal 
interviews with pediatricians in Stock- 
holm regarding the incidence of pyloric 
stenosis at present and previously. They 
felt that the incidence had decreased very 
substantially. Since the very suitable 
prerequisite conditions for determining 
the exact incidence of infantile pyloric 
stenosis in Gothenburg did not exist in 
Stockholm, the impression of a progressive 
declining rate in Stockholm might be solely 
apparent, rather than real. In order to 
study the development of the incidence of 
hypertrophic pyloric stenosis, the author 
therefore again focused his interest to the 
conditions in Gothenburg, thus fulfilling 
the suggestion put forward in 1941, viz.: 
“... if an investigation similar to the pre- 
sent one is carried out twenty to thirty 
years hence, it will be possible to obtain 
definite information with regard to the in- 
cidence of the disease, that is, whether it 
is increasing, decreasing or remaining sta- 


stionary.” 


Material and Method 


A visit to Gothenburg gave evidence 
that the prerequisite conditions for ob- 
taining sufficient reliable data regarding 
the number of cases of manifest pyloric 
stenosis were almost as satisfactory as in 
the 1930’s. Thanks to the invaluable 
help rendered the study by Professor Rolf 
Zetterstrém, the present Head of the 
Pediatric Department of the Gothenburg 
Children’s Hospital and Doctor Erik 
Gedda, the Head of the Children’s Welfare 
Centres in Gothenburg, the project to 
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TABLE I. 


ARVID WALLGREN 


Incidence of hypertrophic pyloric stenosis among children born in Gothenburg 


from 1934 to 1940, and from 1950 to 1959. 


No. of infants 


No. of infants Incidence of pyl. 


Year born alive with pyl. sten. sten. per 1000 
1934 2992 17 5.7 
1935 3147 1 4.1 
1936 3347 1: 3.9 
1937 3643 9 2.5 
1938 4037 13 3.2 
1939 4288 15 3.5 
1940 4188 22 5.3 
1934-1940 25,642 102 4.0 
1950 5774 6 1.04 
1951 5562 9 1.62 
1952 5463 14 2:55 
5686 14 2.46 
1954 5653 8 1.41 
1955 5807 14 2.40 
1956 5947 15 2.58 
1957 6236 15 2.40 
1958 61467 8 1.30 
1959 5957% 1g 2.18 
1950-1959 58,231 116 1.99 


Preliminary figures. 


study the actual incidence of hypertrophic 
pyloric stenosis met with success. It is a 
great pleasure for me to extend to these 
two colleagues and their collaborators my 
sincere gratitude for their help and as- 


sistance. 


The period chosen was the 10 years from 
1950 to 1959 inelusive. All records of cases 
treated during this time at the Medical and 
Surgical the Children’s 
Hospital for hypertrophic pyloric stenosis 
were studied and the diagnoses affirmed, and 
the 54,438 records of the infants attending 
the Welfare Centres studied in order to as- 
certain if there had 
evident or suspect pyloric stenosis that had 


Department of 


been any infant with 


been overlooked as not registered in the 


Hospital. No such instance was found. A 
questionnaire was sent to the practising 
pediatricians in Gothenburg asking them for 


information about cases of pyloric stenosis 


that had not been admitted to the Children’s 
Hospital. All the pediatricians kindly replied 
to my demand and in this way an addi- 
tional number of 3 cases with roentgenologi- 
cally confirmed diagnosis were found. 


Results 


In all there had occurred 116 cases of 
hypertrophic pyloric stenosis during the 
period mentioned, which gives an inciderce 
of 1.99 per 1000 live births (Table 1). Tis 
figure is only about half of that of ‘he 
previous period and would suggest a 
decrease in the incidence. The registeied 
number of cases in the different years is 
seen in Table 1. It varies between 1.04 end 
2.55 per 1000 live births. In the 1934—-1°40 
year period there was only one year v ith 
an incidence as low (2.5 per 1000), as “he 
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highest incidence during the period 1950- 
1959 (2.55 per 1000). Chi-square analy- 
sis shows the decrease in frequency to 
be statistically highly significant (P= 
(.0005). The conclusion is obvious: hyper- 
trophic pyloric stenosis has become less 
frequent in Gothenburg. 


Discussion 


The first cause to be excluded when there 
is a demonstrated decrease of the number 
of recorded cases of a disease is that there 
has occurred a registration error. Some 
cases may have escaped the diagnosis 
and hence other 
diseases. This seems to be very unlikely 
with a disease such as hypertrophic pyloric 
stenosis, because the symptoms and signs 
and development are so typical in manifest 
cases. On the contrary, a diagnosis of 
hypertrophic pyloric stenosis in a young 
infant suffering from vomiting when the 
illness does not exist, seems more probable 
and should have given an increased num- 
ber of recorded cases instead of a smaller 


become tabulated as 


number. 

Can the decreased incidence of recorded 
cases depend upon the fact that many more 
manifest cases are treated by private 
practitioners at home without X-ray 
diaxnosis or observation at the Children’s 
Hospital? A questionnaire sent to the 
practising pediatricians in Gothenburg 
has not given any support to this sugges- 
tion. As already mentioned, 3 cases of 
hypertrophic pyloric stenosis had been 
treated by a private practitioner and in 
the > 3 cases the diagnosis had been con- 
Appa- 
ly the manner in which suspect and 
con irmed cases of hypertrophic pyloric 


firned by X-ray examination. 


stenosis is handled now is roughly the 
same as in the 1930’s. If any case has es- 
caped the attention of the recorder, which, 
of course, cannot be excluded with cer- 
tainty, the human factor being always 
present, the number of cases overlooked 
cannot be so great that it approaches the 
annual total number of recorded cases; if 
such was the case, then there should be 
about as many overlooked as registered 
cases in the 1950’s, which certainly is 
unlikely. 

Another that 
against the lower incidence being due to 
faulty registration are the notes in the re- 
cords of the Infant Welfare Centres. The 
attendance at the Centres was 80 % of 
all infants born alive in Gothenburg in 
1934-1940. In 1950-1959 it was 93.5 %. 
All infants with symptoms of vomiting 
and other suspect symptoms and signs 
during the first 3 months of life have been 
followed-up. Some of them suffered from 
hypertrophic pyloric stenosis and were 
treated at the Children’s Hospital, some 
were sent to the Hospital for X-ray exa- 
mination or observation without the diag- 
nosis being confirmed, and in the rest the 
symptoms rapidly subsided or the subse- 
quent course showed that they could not 
have been due to hypertrophic pyloric 
stenosis. 

Neither does it seem probable that the 
severity of the disease should suddenly, 
between 1940 and 1950, have become less 
marked to a degree that about half of the 
cases would not produce any clinical symp- 
toms and signs at all. No less than 31 of the 
116 cases of hypertrophic pyloric stenosis 
were considered so severe that they were 
transferred to the Surgical Department 
for operation, while during the previous 
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period not one single case was operated 
upon. Of course, this may be due to a dif- 
ferent approach to the treatment of the 
disease during these two periods. The 
records of the operated cases showed that 
they were severe and that medical treat- 
ment had not met with any success. In 
the hospital records one finds the same 
distribution of mild, moderately severe 
and severe cases as in the 1930’s. Although 
it is not possible to exclude that more cases 
of hypertrophic pyloric stenosis have run 
an altogether symptomless course than in 
1934-1940, it seems very improbable that 
such a change in the appearance of the 
disease could be the explanation of the 
decreased incidence of recorded cases in 
1950-1959. 

The occurrence of multiple cases of 
hypertrophic pyloric stenosis among sib- 
lings and in the parents and children 
shows that there is a genetic cause of the 
disease. It is also well known that boys 
are affected about three times as fre- 
quently as girls, and if, theoreticaliy 
speaking, the relation between girls and 
boys was changed by an enormous super- 
numerary birth of girls or an enormous 
increase of perinatal deaths among boys, 
the total number of cases of hypertrophic 
pyloric stenosis would decline. There has 
not occurred such an hypothetical abnor- 
mal change in the relative number of 
girls and boys born alive, and the perinatal 
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mortality has decreased to such an extent 
that, even if all the deaths had occurred i. 
boys, it could not have produced such a 
heavily lowered incidence of hypertrophic 
pyloric stenosis as demonstrated. The total 
infantile mortality rate was only about 
2 %. Even if the total number lost by death 
in the neonatal period, estimated at about 
100, had all been boys, among them at 
most only one case of hypertrophic pyloric 
stenosis would have occurred and thus 
contributed to a decrease by one case of the 
incidence of the total recorded cases of the 
disease during the period of study. 

There has not occurred any increased 
race mixture to a degree that could ex- 
plain the demonstrated change of the fre- 
quency of pyloric stenosis. There is neither 
any known change in the number of chil- 
dren in the families in 1950-1959 as com- 
pared with 1934-1940, nor in addition is 
there any known relationship between the 
order of the child in the family and the 
tendency to develop hypertrophic pyloric 
stenosis. 


Summary 


The incidence of hypertrophic pyloric 
stenosis has decreased significantly in 
xothenburg from 4 per 1000 live births 
during the period 1934-1940 to 1.99 per 
1000 live births in 1950-1959. The cause 
of this change is not known. 
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CASE REPORT 


Klinefelter’s Syndrome and Mongolism in the Same Person 


by ORLA LEHMANN and HANS FORSSMAN 


Department of Pediatrics, Department of Psychiatry, and Institute of Histology, University of Gothenbury, 
Gothenburg, Sweden 


In January, 1959, Lejeune, Gauthier & 
Turpin demonstrated a small, supernume- 
rary somatic chromosome in cultures of 
tissue from nine persons with mongolism. 
The same year Jacobs & Strong reported 
that the chromosomal sex constitution in 
Klinefelter’s syndrome was XXY. Hence, 
a chromosome count of 47 has been found 
in both these disorders. 

In April, 1959, a combination of the 
two disorders in the same person was 
described for the first time by Ford, Jones, 
Miller, Mittwoch, Penrose, Ridler & Sha- 
piro. Study of the karyotype in this case 
revealed 48 chromosomes. Thus the patient 
had the extra somatic chromosome char- 
acteristic of mongolism at the same time 
as he had the XXY sex constitution. He 
‘was sex-chromatin positive. As far as we 
can make out, no other case of this kind 
in which the karyotype was studied has 
been published. 

Stimulated by this report of Ford e¢ al., 
we made tissue cultures and studied the 
karyotype in a male patient with mongo- 
lism who showed clear evidence of hypo- 
gonadism. Since no biopsy of testicular 
tissue or hormonal titration had been 
performed, the diagnosis of Klinefelter’s 
syndrome was not established before cyto- 


logic studies. 


Case Report 


H.M., born on November 27, 1921, was the 
9th of 10 children, born when his mother was 
41. It was soon realized that he was back- 
ward, and he has spent most of his life in 
institutions. We examined him in 1957 and 
1960, and his status was about the same both 
times and as follows. He showed the typical 
signs of mongolism, including the charac- 
teristic face and four-finger furrow. Fig. 1-2 
should be enough to establish the diagnosis 
of mongolism. He was very backward. He 
could walk, but could barely manage to feed 
himself and did not talk at all except to 
say his own first name now and then. He 
could control his urination and defecation 
for the most part, but not always. His in- 
tellectual development corresponded to an 
I.Q. of about 15 (Terman—Merrill). 

He showed distinct signs of hypogona- 
dism. His testes were descended, soft and the 
size of a large hazel-nut. He had only scanty 
pubic hair and only occasional hairs in his 
armpits. No prostate could be felt on rec- 
tal examination. The fat was distributed 
in the feminine manner with an accu:nu- 
lation over the buttocks and breasts ('*ig. 
1). He was slightly knock-kneed. His 
extremities were not particularly long, wich 
was not surprising in view of the morgol- 
ism. 

The daily urinary output of the ‘otal 
gonadotrophins was approximately 96 
mouse units, which is an abnormally ‘igh 
value. 
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KLINEFELTER’S SYNDROME AND MONGOLISM 


Fig. 1. 


Cytologic Observations 


Drumstick analysis of 600 leukocytes in 
od smears sex-chromatin- 
‘ative pattern. Since the diagnosis was 
tblished by the karyotype, we did not 


showed a 


justified in making a testicular biopsy. 
sone-marrow cells were cultivated ac- 
ling to the technique described by Frac- 
, Kaijser & Lindsten. This revealed that 
chromosomes numbered 48. Three mito- 
in metaphase showed good separation, 
wing both accurate counting and chart- 
Fig. 3 shows the charting of one of them. 
our case also showed an XXY 
stitution, and a small, single acrocentric 
ymosome. 


seen, 
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H. M. 


Discussion 


This is the second time that mongolism 
and Klinefelter’s syndrome have been ob- 
served in association. Both cases were 
studied cytologically, and showed the 
same karyotype. Mosier, Scott & Cotter 
made a number of observations of great 
interest to the question of the connection 
between Klinefelter’s syndrome and mon- 
golism. They described three sex-chroma- 
tin-positive men with characteristics of 
Klinefelter’s syndrome. One of the men 
had a few features suggesting mongolism, 
another had a half brother who had mon- 
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rary somatic chromosome in cultures of 
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The same year Jacobs & Strong reported 
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can make out, no other case of this kind 
in which the karyotype was studied has 
been published. 

Stimulated by this report of Ford e¢ al., 
we made tissue cultures and studied the 
karyotype in a male patient with mongo- 
lism who showed clear evidence of hypo- 
gonadism. Since no biopsy of testicular 
tissue or hormonal titration had 
performed, the diagnosis of Klinefelter’s 


been 


syndrome was not established before cyto- 
logic studies. 


Case Report 
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9th of 10 children, born when his mother was 
41. It was soon realized that he was back- 
ward, and he has spent most of his life in 
institutions. We examined him in 1957 and 
1960, and his status was about the same both 
times and as follows. He showed the typical 
signs of mongolism, including the charac- 
teristic face and four-finger furrow. Fig. 1-2 
should be enough to establish the diagnosis 
of mongolism. He was very backward. He 
could walk, but could barely manage to feed 
himself and did not talk at all except to 
say his own first name now and then. He 
could control his urination and defecation 
for the most part, but not always. His in- 
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dism. His testes were descended, soft and the 
size of a large hazel-nut. He had only scanty 
pubic hair and only occasional hairs in his 
armpits. No prostate could be felt on rec- 
tal examination. The fat was distributed 
in the feminine manner with an accuinu- 
lation over the buttocks and breasts ('"ig. 
1). He was slightly knock-kneed. His 
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KLINEFELTER SYNDROME AND MONGOLISM 


Fig. 1. H. M. 


Cytologic Observations 


Drumstick analysis of 600 leukocytes in 


od smears showed a_ sex-chromatin- 


‘ative pattern. Since the diagnosis was 


blished by the karyotype, we did not 
justified in making a testicular biopsy. 
3one-marrow cells were cultivated ac- 
ling to the technique described by Frac- 
), Kaijser & Lindsten. This revealed that 
chromosomes numbered 48. Three mito- 
in metaphase showed good separation, 
wing both accurate counting and chart- 
Fig. 3 shows the charting of one of them. 
showed an XXY 
stitution, and a small, single acrocentric 
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Discussion 


This is the second time that mongolism 
and Klinefelter’s syndrome have been ob- 
served in association. Both cases were 
studied cytologically, and showed the 
same karyotype. Mosier, Scott & Cotter 
made a number of observations of great 
interest to the question of the connection 
between Klinefelter’s syndrome and mon- 
golism. They described three sex-chroma- 
tin-positive men with characteristics of 
Klinefelter’s syndrome. One of the men 
had a few features suggesting mongolism, 
another had a half brother who had mon- 
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Fig. 2. H. M.’s hand. 


golism and the third had twin siblings, 
one of whom had mongolism. 

The fact that the same mother can give 
birth to one child with Klinefelter’s syn- 
drome and another with mongolism, and 
that one person may be affected by both 
these disorders, points to an etiologic con- 
nection between the two. Lenz, Nowakow- 
ski, Prader & Schirren collected the data 
about parental age from 65 cases of Kline- 
felter’s syndrome and found a maternal 
age of over 40 in 9, or 13.8 + 4.3 per cent, 
of the cases. On the whole, they concluded, 
advanced maternal age favored the oc- 
currence of Klinefelter’s syndrome, but 
not to such a striking extent as in mongo- 
lism. 

According to Nelson and Raboch (both 
quoted from Barr), the nuclei have a female 
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Fig. 3. Idiogram of the diploid chromosome 

complement. Arrow indicates the trisomic state 

as found in mongolism. Sex chromosomes in the 
right lower corner. 


chromatin pattern in about three-fourths 
of subjects who qualify on clinical grounds 
for inclusion in the Klinefelter syndrome. 
The occurrence of cases of sex-chroma- 
tin-negative Klinefelter’s syndrome and 
of sex-chromatin-positive Turner’s syn-. 
drome brings up the question whether one 
heteropyknotic X chromosome observed 
in rats may also occur in man, a possibility 
quite recently suggested by Miles. 


Summary 


A case of mongolism with the Kline- 
felter type of hypogonadism is reporte:. 
Studies of the karyotype revealed (8 
chromosomes, the X XY sex constitution 
and the trisomic state typical of mongo- 
lism. According to the neutrophil test t 1¢ 
patient was sex-chromatin negative. 
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CASE REPORT 


A Family with Marfan’s Syndrome Traced through an 
Affected Newborn 


Including Analysis of the Mucoproteins in Serum and the Urinary 
Excretion of Amino Acids 


by ORLA LEHMANN 


Department of Pediatrics, University of Gothenburg, Gothenburg, Sweden 


Introduction 


During the last few years an increasing 
interest has been taken in Marfan’s syn- 
drome especially from a genetical and bio- 
chemical point of view. A greater percen- 
tage than earlier assumed of more or less 
pronounced symptoms in families with 
this disease has been found through care- 
ful family studies. McKusick (1) emphasi- 
zes that only about 15 per cent of all cases 
are abortive and that the inheritance in 
the other cases is due to an autosomal 
dominant gene with a penetrance which 
may be very variable. 

The triad of symptoms from heart, eyes 
and skeleton (e.g. dilatation of the ascend- 
ing aorta with aortic insufficiency or dis- 
secting aneurysms, luxation of the lensis 
and lengthening of the long bones) is not 
always present at the same time. Although 
other authors require all these cardinal 
symptoms for the diagnosis, it seems to be 
quite unnecessary in cases with a clear 
dominant pattern. In many family de- 
scriptions, as in the author’s, isolated and 


more or less pronounced symptoms of a 
connective tissue defect as well as con- 
genital malformations are found in mem- 
bers of Marfan families. Thus they have the 
disease, but not the whole syndrome. 

With the support of histological and ex- 
perimental studies, McKusick (1) claims 
that the basic defect may be an elastic 
fiber abnormality responsible for all symp- 
toms, and that the mutation of only on 
gene may cause the disease. The degree of 
manifestation may depend on the genetical! 
background of the individual. A family 
with a pyknic constitution, for instance, 
may not show any pronounced lengthening 
of the long bones, which, however, does not 
protect its members against ocular or 
cardiac defects. The congenital malform:- 
tions (heart, skeleton, lungs, eyes, ears, 
etc.) can only be explained, according ‘0 
this theory, by the environment in te 
embryogenesis of generalized pathologi al 
connective tissue. 

The search for biochemical abnorm: ‘- 
ties in Marfan’s syndrome has been int: »- 
sified during the last few years in orde: ‘0 
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Female, healthy or not certainly affected 


Male, affected with skeletal signs only 
Male, affected with slight signs only 
Male, affected with oligophrenia | 
Male, affected with cystinuria —f 
Male, dead, not examined 

Dead, examined 

Propositus 


Male, affected with cardiac and skeletal signs + 
Male, affected with cardiac and skeletal signs + 


5 7 1s 
1 


myopia 
myopia 


not certainly correlated to Marfan’s syndrome 


Fig. 1. 


find a laboratory test for the diagnosis, 
as well as to make an approach to the 
pathogenesis. During 1958 reports have 
heen published on increased excretion of 
hydroxyproline in urine (2), lowered level 
of serum mucoproteins (3) and altered 
ratio of chondroitin sulfate to keratosul- 
phate in the costal cartilage (4), findings 
which may indicate a disturbance of the 
connective tissue metabolism. No changes 
in hormonal or electrolyte balance have 
been found. 

The purpose of this report is to gain 
further experience of the disorder, espe- 
cially from the pediatric point of view. 
The above-mentioned changes in blood 
ail urine have also been looked for. It is 
surprising that after Marfan’s investiga- 
tion so comparatively few pediatric studies 
h: ve been published on this disease, as it 
o en presents marked symptoms even in 


newborn. 


Case Reports 


“he pedigree is shown in the conventional 
in Fig. 1. 


IV,. The propositus is a male newborn 
the first child of a 21-year-old woman who 
has had no abortions earlier and who looked 
quite normal at first sight. (A club-foot left 
out of consideration.) The pregnancy was 
normal, but the delivery, 2 weeks late, was 
complicated by an abnormal presentation 
and an intra- and extrauterine asphyxia. 
Soon after birth the child developed a ge- 
neralized cyanosis, which increased when 
he cried. He had very little subcutaneous 
fat and the skin was strikingly lax. There 
was a hypermobility in all the joints with a 
tendency to luxate. A roentgenogram showed 
a subluxation in the right hip and the shoul- 
ders could be forced together under the jaw, 
as in total absence of the clavicles, indicating 
a luxation of the palpable clavicles. He also 
had a pronounced micrognathia and a highly 
arched palate. The right forefinger was croo- 
ked and not flexible. Fingers and toes were 
rather long. 

The cyanosis remained unchanged during 
the three weeks he was alive. A soft heart 
murmur developed after a week and the chest 
roentgenogram showed an enlargement of 
the heart and increasing densities in the lungs. 
The child died from heart failure and with 
signs of respiratory deficiency. An infantile 
type of coarctatio of the aorta was found at 
autopsy. The ascending aorta was totally 
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aplastic and there were only two aortic 
valves. In the lungs widespread atelectases 
were found. 

The heart failure in combination with signs 
of connective tissue defect and congenital 
skeletal deformities indicated the presence of 
Marfan’s syndrome. The diagnosis was fur- 
ther supported by an examination of the 
mother’s family. Heart failures, skeletal de- 
formities and signs of a defect in the elas- 
tic tissue showed an inheritance of an auto- 
somal dominant character (cf. Fig. 1). No 
typical ocular signs were found but myopia 
was not uncommon. 

III,. The mother of the propositus and 
sister of ITI, and III,, 21 years old, seems to 
have been in rather good health all her life. 
Her left foot was clubbed at birth. The knee 
of the same leg has a tendency to dislocation, 
possibly an effect of the club-foot. At eight 
years of age she was operated on for an 
acquired inguinal hernia. On examination it 
was noticed as a typical Marfan peculiarity 
that the middle fingers were significantly 
longer than the other fingers, which had nor- 
mal length. The palate was highly arched. 
The systolic heart sound was not clear, but 
there was no obvious murmur. The elbows 
were hyperextensible, the skin was rather 
lax and her breasts hung down to the um- 
bilicus. 

In summary, the mother of a child with 
signs indicating Marfan’s disease shows 
small but typical signs of the disease in 
skeleton and elastic tissue but has no symp- 
toms from heart or eyes. She is in rather good 
health and her constitution is not thin and 
“spidery”. The Marfan disorder would 
probably not have been thought of without 
knowing her heredity. 

JII,. Brother of III;, 17 years old, has a 
quite normal body constitution His palate 
seems to be a little high and the systolic 
heart sound is not quite clear, but these 
findings do not seem to be of any pathologi- 
eal significance. The boy is probably not 
affected by the defective gene. 

Surprisingly enough, the urinary excretion 
of cystine and lysine was much above the 
upper normal limit. 


Fig. 2. 


III,. Sister of III, and III,, 27 years old, 
has been in good health all her life. At first 


sight she looked quite normal, but she has 


small but typical Marfan abnormalities in 
the skeleton. The sternum is slightly depre: 
sed and the chest and head are moderate! 
elongated. She has a highly arched pala‘ 
and has been operated on for a narrow no 
cavity. There are no signs from heart or ey‘ 
but the skin is rather lax and there ar’, 
without excessive fat deposition, striae 
the hip. She has the Marfan disorder. 5’ 
has also cystinuria of the same type as bh: 
brother (IIT,). 

III,. Half-sister of III;_,, was born a w 


before the propositus, who is the son of }:r 


half sister III;. No symptoms or defects 
the Marfan type have been found. 

II,. Father of III;_,, 48 years old, ha 
rather robust and athletic body constitut’ 0 
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and no exterior Marfan signs. He declares 
he was healthy as a child, but had periods of 
“rheumatic”? pains when he was about 19 
and 27 years old. He was at first exempted 
from military service because of a suspected 
heart failure and his first joint troubles, but 
was later allowed to take part in a less stre- 
nuous form of military service. He does not 
seem to have had any typical signs of heart 
failure or heart pains at that time (no further 
information is available) and hospital exa- 
minations in 1945 and 1959 have not con- 
firmed a heart failure. He has no symptoms 
from the eyes and a highly arched palate is 
the only Marfan abnormality that can be 
found. All joints are normal. In spite of these 
poor findings he is a carrier of the defective 
gene, having two affected children out of 
th-ce in his first marriage. He has many of 
hi father’s (I,) features. His father died 
from cerebral hemorrhage and is probably 
nc a carrier of the Marfan gene. 

“wo of his children, III, and III,, have, 
a mentioned above, a cystinuria that has 
n ther been found in their father’s family 
n° in their mother, who is taken care of in 
a ‘nental hospital because of oligophrenia. 


II,. Brother of II, is 32 years old, but 
looks at least forty (Fig. 2). Since childhood 
he has been weak and has done neither physi- 
cal nor intellectual work of importance. He 
was not able to go through the elementary 
school because of mental backwardness and 
he has not done his military service. He was 
told that he had a heart failure and a con- 
stitution too feeble for it. He had troubles 
from his joints at the age of fifteen but no 
further information has been obtained. On 
account of his bad general state he has 
received sick relief the last ten years. 

On examination the subject was found to 
have an asthenic body constitution. He was 
rather thin and the muscles were poorly 
developed. (Length 181 cm, weight 60 kg.) 
The chest and extremities were moderately 
elongated, the fingers long but not “‘spidery”’. 
He had a slight depression of the sternum, 
the palate was highly arched and the joints 
were lax. 

A systolic murmur was present at the base. 
Increased jugular pulsations were noticed. 
Blood pressure was normal. No signs of car- 
diac incompensation. He had a slight myopia 
and made an obvious oligophrenic impression. 
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Like his brother IT, and sisters IT,, II, and 
II,, he does not want to leave home for medi- 
cal examinations. Heart and eyes could, 
therefore, not be carefully examined with 
regard to the typical Marfan changes, but 
the diagnosis seems to be unmistakable, con- 
sidering the combination of typical skeletal 
defects, intellectual impairment, suspected 
heart failure, myopia and the heredity. 

II,: Brother of II, and II,, 46 years old, 
has always been very thin and feeble and 
has never done any work. As a child he could 
not take part in any physical exercise and 
could not follow primary education at 
school. He was exempted from military ser- 
vice and told that he had a heart failure. 
He has received sick relief since 1930. 
Rheumatic deformities of hands and fingers 
have developed slowly during the last ten 
years and he is now not able to take care of 
himself. 

The subject is found to have the most 
frequent and pronounced signs of the Mar- 
fan disorder in his family. The head is long, 
extremities thin and joints hypermobile. 
Rheumatic deformities are found in hand 
and fingers, which are rather long. The big 
toes are extraordinarily Jong—a small but 
typical Marfan defect. There is also a de- 
pressed sternum, highly arched palate, pro- 
nounced muscular hypotonia and_ hyper- 
luxible skin. A rough systolic murmur is 
present at the apex, but no diastolic murmur 
could be found. Increased jugular and 
precordial pulsations were noticed. Blood 
pressure was normal. The diagnosis of 
Marfan’s syndrome was further supported 
by a myopia and an unmistakable oligo- 
phrenia. 

II,: Sister of II,_,, 40 years old, is not 
married and has no children. She has always 
been thin and weak. The last few years she 
has had sharp intermittent pains in the 
heart region and she very easily gets out of 
breath. On examination she is found to have 
a systolic murmur at the base but no other 
signs of heart disease. There are slightly 
or moderately pronounced signs of arach- 
nodactylia, dolichostenomelia, pectus exca- 
vatum and a rather highly arched palate. 


The muscles are poorly developed and _ sh« 
is short-sighted. The subject is supposed t« 
have the Marfan disorder, even if the symp 
toms are less pronounced and some of then 
may be within normal range. 

II,: Sister of II,—II,, 36 years old, has n 
typical Marfan appearance. As a child sh: 
was rather healthy but had a period of pain 
in the chest at the age of 18 and was then 
examined by a physician who declared tha‘ 
she had a heart failure. The symptoms dis 
appeared, but the last few years her genera! 
condition has declined and she is easily tired 
and out of breath and she does not exert 
herself. The only skeletal sign of the Marfan 
type is a highly arched palate. There is a 


systolic heart murmur and increased jugular 


pulsations. She is supposed to have the Mar- 
fan disorder, but with slight signs only. 

II,: Sister of II,_,, died at the age of eight 
months, cause unknown. 

II,: Sister of IT,_,, 24 years old, has myopia 
(4.5 diopters) but is probably not affected 
by the defective gene. 

III,: Daughter of IT,, 5 years old has had 
hypertrophic pyloric stenosis in infancy but 
does not seem to be affected. 

II,: Sister of II,-II, and mother of III,, 
44 years old, presents unmistakable Marfan 
signs and seems to have a low intelligence. 
Her attitude towards the examination is 
negative and she will not give a more de- 
tailed description of her childhood. She says 
she has always been healthy but stammere:| 
as a child. During the last few years there 
have been short periods of pains in the le‘t 
half of the chest. No trustworthy inform:- 
tion of her physical condition can be o)- 
tained. Her general state of health is not 
good. She has a muscular hypotonia and her 
carriage is bad. The face, fingers and « 
tremities are rather long (Fig. 3, 4). Toe 
palate is highly arched and the sternum a 
little depressed. There is a moderate hyp: '- 
extensibility in the joints and a tendency n 
the jaw joints to luxate. A systolic murm 
is found at the apex. Because of strabism « 1d 
myopia she has earlier been examined by ‘n 
ophthalmologist who could not find any °- 
fect in her eyes. 
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Fig. 4. 


The diagnosis of Marfan’s syndrome was 
further confirmed by the examination of the 
daughter, who is severely affected. 

III,: Daughter of IT,, 11 years old, was 
born 4 weeks before expected delivery. 
Birth weight 2250 g. According to her 
mother no complications after birth. From 
the maternity hospital she was sent to a 
children’s home because she was very thin 
and in a bad general state of health. After 
ten months there she was sent home, her 
general condition having improved some- 
what. She could not walk by herself until 
she was 2 years old and only when she was 4 
di! she begin to pronounce separate words. 
At the age of 8 she started school. She was 
soon transferred to a class for mentally re- 
tated children in which she has made but 
lit: e progress. She has been in hospital only 
fo insignificant infections. 

‘nN examination the child seems to be 
se ously retarded. Movements stereotype, 
a: -wers monosyllabic. She is emaciated and 
t! extremities are very long and thin (Fig. 
3, “). The fingers have the “‘spidery” ap- 
-rance typical of Marfan’s syndrome. She 
h a deep funnel chest and a stiff back 


without lumbar lordosis. The palate is 
“‘sothically”’ arched. There is a pronounced 
muscular hypotonia and hypermobility of 
the joints. She has no inguinal hernia, but a 
broad diastasis is found between the long, 
straight muscles of the abdomen. 

She was examined by an ophthalmologist 
in 1955 and 1956. He found a divergent 
strabismus, myopia of the left eye and in the 
right eye synechiae of the iris, presumably 
deriving from an earlier iridocyclitis. No 
other abnormalities were found, but then 
the typical Marfan abnormalities were not 
searched for, as Marfan’s syndrome had never 
been thought of. Yet the patient’s appear- 
ance is quite typical. 

II,. Sister of II,_, and mother of III, and 
III,, 28 years old, has been in good health 
until last year, when her general condition 
declined. She then complained that physical 
exercise gave her pains in the heart region 
and that she often felt sudden, sharp pains 
in the chest, especially at night. The exam- 
iner remitted her to the regional hospital 
for a suspected heart disease. A soft systolic 
murmur was found, but not other pathologi- 
cal changes. Roentgenograms of the heart, 
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TABLE l. 
$ = gS 368 FE 62 28 
on As Ae MS Ae a 
I, F 69 
II, F 28 + 
II, F 44 * + + 4 + 
II, F 24 
iI, F 36 
Il, F 40 ** 
II, M 48 
Ill, M 
i, F 11 + ++ + + 4 
Ill, F 5 
Ill, F 21 * 
il, M 7 
Il, 


Heart failure: * indicates heart murmur without diagnostic significance. ** indicates heart mur- 
mur with slight cardiac symptoms. *** indicates heart murmur with severe cardiac symptoms. 
- indicates slightly affected by a particular sign (Not certainly of diagnostic significance). 


indicates moderately affected by a particular sign. 


particular sign. 


lungs and spinal column were normal. ECG 
and blood pressure were also within normal 
limits. As the subject is a carrier of the 
Marfan gene, her symptoms are strongly 
suspected to come from a heart disease or a 
dissecting aortic aneurysm. Her constitution 
is rather asthenic and the palate more than 
normally arched. She is a gene carrier with 
slight or uncertain Marfan signs. 

III,. Daughter of II, and sister of ITI,, 
5 years old, was operated on for a persistent 
ductus arteriosus at the age of 3. A systolic 
murmur was first heard when she was 6 
months old and before the operation she 
had been easily tired. According to her 
mother she often stumbles and falls. The 
joints are hypermobile, especially the ankles. 
The skin is lax. A moderate micrognathia 
and a highly arched palate are also noticed 
on examination. Intelligence and visus are 
normal. Her appearance is not Marfan-like, 


+ + + indicates severely affected by a 


but her defects are typical of an affected 
child who has not arrived at the age when the 
long bones grow fast. 

III,. Son of II, and brother of III,, 
years old, has always been healthy. His 
joints are a little lax but probably withi: 
normal limits. He does not seem to be a’- 
fected. 

I,. Mother of II,_,, 69 years old, says slic 
has always been in good health and his 
never been to see a doctor. She present 
however, some of the features found in br 
affected children: asthenic body constit '- 
tion, a moderate elevation of the palate a 
a slight myopia. Yet, those signs lying wi' }- 
in normal variations, the Marfan diagnc is 
can today neither be proved, nor dismiss i. 

I,. Husband of I, and father of II,_,, d -d 
80 years old of a cerebral hemorrhage. ‘¢ 
suffered from a hypertonia and was opera °d 
on for a gastric ulcer. He was square built « 1d 
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according to his children his features are 
easily recognised in his daughter IT,, who 
is unaffected, and in his son II,, who is a 
gene carrier and who has a highly arched 
palate as the only typical Marfan sign. 

A survey of the Marfan symptoms in all 
members of the family is given in Table 1. 


Laboratory Data 
Serum mucoproteins 


The mucoprotein content in serum of five 
members of the family have been determined 
according to the turbidimetric method de- 
scribed by Popper et al. (11). Four of these 
five persons were affected by the Marfan 
syndrome (II,, IT,, II,, III,). The values ob- 
tained varied between 124 and 170 mg %, 
that is they were all somewhat above normal 
variations. 


Urinary excretion of free amino acids 


Free amino acids were determined ac- 
cording to Jagenburg (12). No increased 
urinary excretion of hydroxyproline was 
found in any of the eleven cases examined 
(I1,-II,, II;, I1,-II,, I1I,-III,) and there 
was no increased excretion of the hydroxy- 
proline containing peptides; the examina- 
tion was performed as described by Jagen- 
burg (12). 

However, III, and III, presented an ob- 
viously increased excretion of lysine and 
cystine. Therefore, the urinary output of 
amino acids was collected from their mother, 
who is taken care of in a hospital for mental 
disorders because of oligophrenia. The deter- 
mination gave a normal result. 


Comments 


‘n this investigation the subjects have 
be-n examined in their homes as most of 
thm refused hospital examination. Several 
of the affected family members have ear- 
lic’ been examined at hospital, usually 
be-ause of suspected heart failure. Yet, 


before the birth of the propositus, the 
Marfan syndrome had not in any case 
been suggested. No information as to the 
type of heart failure they suffer from can 
be obtained from the hospital records, 
most of the examinations having been 
made more than 20 years ago. There is no 
case of sudden death as often described 
in Marfan’s disorder. This may be due to 
the affected members living a very quiet 
life. In spite of the fact that the examina- 
tions have not shown any luxation of the 
lens, dissecting aneurysm or aortic insuf- 
ficiency, the diagnosis of Marfan’s syn- 
drome seems unmistakable, considering 
the combination of typical skeletal signs, 
heart disease, myopia and, in some cases, 
oligophrenia. 

It is important to note that individuals 
affected by Marfan’s syndrome need not 
have a grotesque appearance. The exa- 
miner has to search carefully for the typical 
signs, which may easily be overlooked. 
The basic tissue defect must always be 
kept in mind. 

General appearance. Some authors (5, 6) 
have tried to get diagnostic help by mea- 
suring body proportions, but the indivi- 
dual and antropological variations are, ac- 
cording to them, considerable and the 
method does not seem to be useful in 
cases where the Marfan constitution is 
not obvious. 

Of the family examined, only IIT, has 
the clinical Marfan constitution. It is 
interesting to observe that the affected 
grandfather (II,) of the propositus seems 
to have carried the athletic features from 
his father—who has probably not been 
the gene carrier—to his affected children 
III, and III,. In other words, the athletic 
body constitution of the father of Il, 
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seems to have suppressed the asthenic 
Marfan characteristics in IIT,, II, and 
III,. 

Skeletal signs. A highly arched palate 
seems to be the most common skeletal 
deformity in the whole family, followed by 
an elongated chest with depression of 
sternum. The fingers of the affected sub- 
jects are usually long, but only IIT, has the 
well-known spider-like fingers. Clinodac- 
tylia and prolongation of the big toe and 
the middle finger are typical peculiarities 
also noticed. 

The congenital defects often seen in the 
Marfan disorder were represented of the 
two cases of micrognathia and one case of 
club-foot. 

Cardiac signs. Systolic murmurs and 
increased arterial jugular pulsations are 
common symptoms of the affected indi- 
viduals. Sharp pains in the chest have oc- 
curred in three subjects (II,, I1,) and 
may be signs of slowly dissecting aneu- 
rysms. The normal roentgenogram of the 
thorax of II, does not exclude this diag- 
nosis. Aneurysm of the abdominal aorta 
is not uncommon (7). 

The two congenital heart defects are 
found in this family, e.g. persistent ductus 
arteriosus and aortic hypoplasia, defects 
described in other communications (8, 9). 

Ocular signs. Myopia is rather usual in 
the affected members of the family. A 
more characteristic and less common ocular 
sign is a sequel of an iridocyclitis found in 
III,. This complication is pointed out in 
a survey of Marfan symptoms by Me 
Kusick (1). 

Ectopia lentis is not a necessary attri- 
bute of the Marfan disorder. A family 
without typical eye defects was investi- 
gated by Wilson (10). 


Mental signs. Early retardation, pre- 
sumably deriving from a primary oligo- 
phrenia, was present in 3 cases. Anxious 
ness, distrust and a long isolation hav: 
probably also impaired the intellectua! 
development of these individuals in th 
later stages of life. 

Pediatric aspects. Other Marfan descrip 
tions and the examiners observations show 
that the main symptoms of the Marfan 
disorder in infancy are: hypermobile joints, 
lax skin, herniae or other signs of a defect 
in the elastic tissue (elastic filaments). 
Congenital defects of heart, skeleton, teeth 
etc. are not uncommon. Among congenital 
heart diseases interatrial defects and coarc- 
tatio aortae are the more frequent. In the 
skeleton primary ossification of the epi- 
physes of the hands may be present. 

The fingers, toes and extremities grow 
during childhood abnormally long and 
may give the child as early as school age a 
thin and tall appearance. The highly ar- 
ched plate may be present at birth but the 
funnel or pigeon chest develops generally 
later, when the ribs grow fast. Thus, some 
of the typical Marfan symptoms appear 
during puberty when the individuals af- 
fected generally develop long, asthenic 
features. On the other hand, the joints, 
according to some subjects, get more 
stable at the age of 15-20. Experimental 
studies on animals have shown that te 
injury to the periosteum leads to an in- 
creased lengthening of the growing bone. 
A possibly decreased elasticity of te 
periosteum in Marfan’s disorder is sv 
posed to have the same effect. 

Dislocation of the lenses does not ge’ ¢- 
rally start before school age even if it n 1y 
be present at birth. Iridonesis and tw’ »i- 
dity of the lower part of the lens are o: en 
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the first signs. As a rule operation will later 
on be indicated. Many other abnormalities 
of the eyes are connected with the Marfan 
disorder (1). 

The acquired heart disease is very sel- 
dom seen before the age of five. Sudden 
death owing to heart failure is then ob- 
served to increase with age. In some in- 
stances there may be congenital heart 
disease, such as in the propositus. 

The Marfan-affected individual is often 
suceptible to recurrent infections of the 
throat and lungs. 

Biochemical findings. When studying 
the level of serum mucoproteins in six 
siblings in a negro family with Marfan’s 
syndrome, Bacchus (3) found a lowered 
average value during fast, which was 
statistically significant. This finding sug- 
gested changes in the connective tissue 
metabolism. It has not been possible to 
confirm these findings either in this 
study or in six other Marfan patients 
newly examined by the author. Thus, the 
alteration of serum mucoproteins seems 
not to exist in all Marfan patients, and 
has hitherto only been described in one 
family. 

Sjoerdsma et al. (2) found that seven 
out of ten cases of Marfan’s syndrome had 
a high urinary excretion of hydroxypro- 
line. This amino acid is present in the body 
alniost entirely in collagen. The authors 
stated that at least some Marfan patients 
ha‘ e abnormal excretion of hydroxypro- 
linn. This alteration has not been con- 
fir ed by the author, but cystinuria in 
tw members of the family studied could 
po sibly be connected with disturbance 
of he collagen metabolism. 

he different biochemical changes in 
M: fan patients brings up the question 


whether there may be biochemical varia- 
tions of this syndrome, due to different 
enzyme defects as in other types of inborn 
errors of metabolism. The fact that some 
Marfan families lack eye and/or heart 
symptoms support this theory. There 
may also be variations in the biochemical 
findings during different ages and with 
the severity of the symptoms. 


Summary 


A family with Marfan’s disorder involv- 
ing twelve individuals out of twenty mem- 
bers of four generations is described. The 
family presents a rich variety of typical 
skeletal deformities as well as heart disease. 
Some of the defects are congenital and 
reported in other publications as connec- 
ted with the Marfan disease. Eye symp- 
toms are infrequent, myopia is the most 
common finding. 

The propositus was a newborn. Before 
his birth no member of the family had 
been diagnosed as affected by the Marfan 
disease. The search for changes of the mu- 
coprotein content in serum and the excre- 
tion of hydroxyproline in urine was nega- 
tive. An unexpected cystinuria was, how- 
ever, found in two subjects, one of which 
is undoubtedly affected by the Marfan 
disorder. 
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Vaccination of Families Against Poliomyelitis by 
Feeding and by Contact Spread of Living Attenuated Virus 


Including Studies of Virus Properties After Human Intestinal Passage 


by STANLEY A. PLOTKIN, HILARY KOPROWSKI, 
SUSANNE N. RICHARDSON and JOSEPH STOKES, JR. 


The living attenuated polioviruses are 
capable of spreading from vaccinated in- 
dividuals to unvaccinated contacts. This 
contagiousness is important both with 
regard to the safety and efficacy of the 
live-virus poliomyelitis vaccine. The study 
of viral properties after one or more human- 
to-human passages can provide data on 
the stability of the characteristics of the 
attenuated strains, whereas the immuni- 
zation of many individuals by vaccine 
administration to one is of considerable 
public health significance. Furthermore, 
through the use of attenuated viruses, 
the natural history of poliomyelitis in- 
fection may be studied. 

The first report of transmission of 
attenuated poliovirus was by Koprowski 
et «!. (16) who studied retarded children 
un‘er specially created conditions of 
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contact. Spread occurred in an environ- 
ment of high fecal contamination, whereas 
no spread was observed after vaccination 
of normal infants in a nursery (17, 26). 
Moreover, using other strains, Horstmann 
et al. (10, 11) found rapid and extensive 
spread of virus among retarded children 
who were allowed to play together, and 
Martins da Silva et al. (29) observed trans- 
mission of virus within families. 

A family study of vaccination with at- 
tenuated polioviruses was organized early 
in 1958 with three objectives in view: 


1) To study the effectiveness of live- 
virus vaccination in subjects of different 
ages not living in an institution; 

2) To study the transmission of at- 
tenuated virus in typical families; and 

3) To determine if the properties of the 
attenuated strains would change after 
intestinal passages from person to person. 


Material and Methods 


Organization of the Trial—Kighteen vo- 
lunteer families living in Moorestown, New 
Jersey (a suburban community of metro- 
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TABLE 1. The Ages of the Index Children 
and Siblings in the Study. 


‘Ages of index 
children (in months) 
and siblings 


Number of 


(in years) Index children Siblings 

2 

2 3 6 

3 l 8 

4 - 4 
5 2 
6 2 5 

7 l 3 

8 4 2 

= 
10-12 ¢ 2 
13-15 2 2 
Total 18 35 


politan Philadelphia), formed the subjects 
of this trial. These families had volunteered 
after attending a meeting at which the en- 
theoretical risks, 


tire trial, including its 


were explained at length. Socially, these 
families were of above average intelligence 
and of average or above average income. 
Their homes were widely dispersed through- 
out the town, and there was little or no 
social contact among them. 

Participating in the study were 36 adults 
and 53 children. Each family consisted of 
two adults and from one to five children, 
the average being three. The youngest child 
in each family, referred to as the ‘index 
child’, had not received killed-virus vaccine 
and was without serological evidence of 
previous natural infection. In Table 1 the 
ages of the 18 index children and their 35 
siblings are given. The index children had 
a median age of 8 months, with a range of 
2-15 months, whereas the siblings ranged 
in age from 1-14 years, with a median of 4 
years. 

Before the commencement of the study, 
index children older than 6 months of age 
and adults who had not received them 
previously were given two inoculations of 
commercial killed-virus vaccine (two weeks 
apart). At least two weeks were then allowed 


to pass before living virus was used. All 
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siblings had already been given “‘Salk”’ vac - 
cine by their family physicians. 

Virus Strains and Vaccine Administratio: . 

The strains employed were CHAT (Ty; ° 
1), P-712 (Type 2), and Wistar-Fox (Tyjye 
3) (18, 29). Virus-containing tissue culture 
fluids were diluted in saline solution to con- 
centrations of 160,000 50% tissue culture 
doses (TCD,,) per ml for the P-712 and W- 
Fox strains and 500,000 TCD,, per ml in the 
case of the CHAT strain. The vaccines were 
kept frozen until use, when an aliquot was 
unfrozen and dispensed immediately. For 
administration, a 1 ml dose of vaccine was 
added to one or more ounces of milk in a 
glass or feeding bottle. Considerable care 
was taken that only the vaccinated individual 
came into contact with the virus being ad- 
ministered. During the second part of the 
study some of the adults received gelatin 
capsules containing a frozen glycerine sus- 
pension of virus. 

Plan of the Study. 
feeding and specimen collection are shown 
in Table 2. The first feeding was of Type | 
virus, given to the index children in mid- 
January, 1958. Type 3 and Type 2 viruses 
were administered to the index children 3 and 
6 weeks later, respectively (Feeding Nos. 2 
and 3). Nine weeks after the last feeding to 
the index child, the entire family was fed 
Type 1 vaccine (Feeding No. 4). Type 3 and 2 
vaccines then were administered 4 and 7 
weeks later (Feeding Nos. 5 and 6) to 15 
families exclusive of the index children, and 
to 1 family including the index child. 
visited by a 


The schedules of virus 


The families were nurse 
twice weekly during the 26 weeks of ‘he 
study. Prior to the nurse’s visits all memlers 
of the family collected stool specimens in 
half-pint containers, which they were as'.ed 
to refrigerate until the time of collectior 
Blood was obtained on 4 occasions: ve- 
nipuncture was used in adults, wherea: in 
children the specimens were restricted to 
small amounts of capillary blood. The | rst 
specimens were drawn before killed-v 
vaccination from those index children nd 
adults who were inoculated with it 
paration for this study. All participant in 
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TABLE 2. Schedules of Attenuated Poliovirus Feeding and Specimen Collection. 


16 2 
Feeding Virus type Week of trial Index Index 
No. fed. No. children child Families Families 
2 é x x 
3 2 6 x x 
4 l 15 x x x *< 
5 3 19 x x 
6 2 22 
Stool collections 
(Twice weekly) 1-26 < x x x 
Throat swabs 
(With stool collections) 1,4,7 x x 
Blood specimens 0,15,19 x * x x 


the study were bled on the day of administer- 
ing Type 1 to the index child (Feeding No. 1); 
15 weeks later, after all three types had been 
given to the index child; and lastly, after 
Type 1 had been given to the entire family 
(Feeding No. 4). This last bleeding had been 
scheduled originally for the end of July, after 
all 6 feedings, but the imminent departure 
of two families and the fear that “wild” 
poliovirus might be in evidence by that date 
prompted us to obtain blood instead after 
Feeding No. 4. 

Pharyngeal swabs were taken from the 
index children at the two visits during the 
first week after feeding. 

Clinical Observations.—On each visit, the 
nurse inquired as to the health of the family, 
and recorded all complaints, however in- 
consequential. On six occasions during the 
study the families were visited by a physi- 
cian, providing opportunity for discussion 
and elaboration of symptoms. Finally, the 
fanulies were under the regular care of four 
loc! physicians who were fully aware of the 
nature of the study and the possible signi- 
fice ce of illness. 

tboratory.—Twenty per cent stool sus- 
per sions were made in Hanks’ balanced salt 
sol ‘ion (BSS) containing 300 units per ml 
eac of penicillin, streptomycin and mycosta- 
tin. After adjustment of the pH to 7.5 if 
nec ssary, the suspensions were centrifuged 


at 5000 rpm for one hour at 4°C. The result- 
ing supernates were recentrifuged (also at 
4°C) at 12,000 to 14,000 rpm for another 
hour. One-tenth ml aliquots from each sus- 
pension were inoculated into three monkey 
kidney tissue culture tubes, each contain- 
Jarle’s maintenance 
medium. The tubes were incubated at 37°C 


ing 1 ml of Eagle’s in 


and were examined microscopically for cel- 
lular destruction daily for 7 days after in- 
oculation. Fluid from tissue cultures which 
showed no cytopathic changes were blind- 
passed once by inoculating fresh tubes. 
Cytopathogenic agents were tested against 
mixtures of sera prepared in rabbits against 
the Mahoney, MEF,, and Saukett viruses in 
order to identify the poliovirus types present. 
If a fecal virus were to be tested for neu- 
ropathogenicity in monkeys it was passed 
once (unless otherwise stated) in monkey 
kidney tissue culture to increase the titer. 
Rhesus or Java monkeys weighing 1.8 to 
3.15 kg were injected with 1.0 ml of undiluted 
tissue culture fluid; 0.5 ml into each thala- 
mic area. After 21 days of observation for 
signs of paresis or paralysis, the monkeys 
were sacrificed and their spinal cords sub- 
mitted for histological examination. 
Pharyngeal swabs were immersed in 
saline solution immediately after swabbing. 
On receipt in the laboratory the swabs were 
pressed against the side of the tube to ex- 
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TABLE 3. Antibodies Provided by ‘‘Salk’’ Vaccination in Moorestown Families. 


No. of Pre-vace. Antibody post-vaccination 
inocu- natural 
Group lations antibody Type 1 Type 2 Type 3 
Index 
children 2 No 5/12 8/12 6/12 
(42)? (67) (50) 
Siblings 3 NT 18/35 34/35 19/35 
(51) (97) (54) 
Adults 2 No 2/5 5/6 4/6 
(40) (83) (67) 
2 N.T. 8/14 14/14 6/14 
(57) (100) (43) 
3 N.T. 8/12 12/12 8/12 
(67) (100) (67) 


? Numerator = number with antibody; denominator = number in group. 


> Numbers in parentheses equal percentage. 
N.T.= Not tested. 


press most of the fluid and the solutions 
made up to 3 ml by addition of BSS. Penicil- 
lin and streptomycin (450 units of each) 
were added, and the tubes then incubated 
at 37°C for one hour. After incubation, the 
specimens were inoculated into monkey 
kidney tissue culture in the same manner as 
stool specimens. 

To detect the presence of neutralizing 
antibodies, the sera were diluted 1:4 and 
tested by the metabolic inhibition technique 
(22), for their ability to protect HeLa cells 
against the cytopathic effect of 100 ‘TCD,, 
of the Mahoney, MEF,, or Saukett viruses. 

Definition of ‘‘Susceptible’.—As many 
subjects had received killed-virus vaccine 
prior to the study, it was not possible in every 
case to decide whether the presence of anti- 
bodies was the result of parenteral antigenic 
stimulation or of past natural infection. In 
such cases “‘susceptibility’’ was determined 
retrospectively by the isolation of fecal 
poliovirus, either from a stool obtained more 
than 3 days after direct feeding of attenua- 
ted virus, or from a stool obtained after con- 
tact with a vaccinated individual. Thus sus- 
ceptibility as defined in this study was not 
necessarily synonymous with seronegativity, 
although this was often the case. 


Results 


Response to Killed-Virus Vaccination.— 
The antibody responses of the members 
of these families to formolized vaccine 
are shown in Table 3. Of 12 index children 
who received two inoculations, in only 5 
(42 %) did antibodies develop to all three 
types of poliovirus. Of the seronegative 
adults who were bled before and after 
receiving two inoculations of killed-virus, 
3 of 5 remained negative for Type 1. If 
all of the antibodies found in the sera of 
the siblings of the index children are as- 
sumed to have been the result of Salk 
vaccination, the serological response to 
three inoculations in these children yas 
little better than 50 % for Types 1 anc 3. 
Furthermore, it should be noted that on 
the basis of the data to be presented, many 
of the siblings were judged to have | ad 
antibodies as a result of previous con’ ict 
with natural poliovirus. 

Response of Susceptible Children nd 
Adults to Live-Virus Vaccination.--In 
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TABLE 4. Response to Attenuated Virus of Family Members Without Homotypic Antibody 
Derived from Natural Infection. 


Fecal virus excretion (Exc.) and antibody response (AB) 


Homotypic antibody Type 1 Type 2 Type 3 Ail types 
Group Pre-Salk Post-Salk Exe. AB Exe. AB Exc. AB Exe. AB 
Index 0 0 13/137 13/13 10/10 9/10 12/12 12/12 35/35 34/35 
children (100)? (100) (100) (90) (100) (100) (100) (97) 
(Infants) 0 + 5/5 8/8 6/6 19/19 — 
(100) (100) (100) (100) 
Total 18/18 13/13 18/18 9/10 18/18 12/12 54/54 34/35 
(100) (100) (100) (90) (100) (100) (100) (97) 
Siblings NT, 0 8/9 8/9 0/1 13/13 21/23 8/9° 
(89) (89) (100) (91) (89) 
Adults 0 or 0 4/9 5/9 — 6/10 10/19 5/9° 
er: (44) (56) (60) (52) (56) 
0 + 1/3 1/6 3/4 6/13 
(33) (16) (75) (39) 
Total 5/12 5/9 1/6 — 9/14 — 15/82 5/9° 
(42) (56) (16) (64) (47) (56) 


* Numerator = number excreting or responding; denominator = number without homotypic anti- 


body at the beginning of the trial. 
Numbers in parentheses equal percentage. 
N.T. = Not tested. 
° Type 1 only. 


Table 4 are shown the fecal virus isolations 
and antibody responses after direct feed- 
ings of attenuated virus to the index 
children, and later in the trial to their 
parents and siblings. 

Intestinal infection by each of the 3 
types of poliovirus was established in all 
18 index children, including those who 
possessed antibodies killed-virus 
vaccination. An antibody response ac- 
companied virus excretion in 34 of 35 
(97 %) of instances where antibodies were 
absent before feeding: the single failure 
wes a Type 2 feeding. Similar results were 
obtained by direct feeding (later in the 
st-dy) of seronegative siblings who had 
es aped contact infection from the index 
cl id: virus excretion was observed in 21 
of 23 instances (91 %). Post-vaccination 
aiibody determinations were available 


from this group only for Type 1 virus: of 9 
previously negative siblings, 8 were in- 
fected (89 %) and all 8 developed anti- 
bodies. 

In contrast, only 15 of 32 (47 %) feed- 
ings to adults who were susceptible resulted 
in virus excretion, and homotypic anti- 
bodies appeared after only 5 of 9 feedings 
to Type 1 seronegatives. 

Spread of Attenuated Virus to Contacts.— 
Fecally excreted polioviruses of all three 
types were detected in the stools of family 
contacts of the vaccinated index children, 
presumably as a result of the spread of 
attenuated virus. As seen in Table 5, 
homotypic infection occurred in 42 % of 
instances in which a sibling contact and 
in 11 % of instances in which an adult 
contact were susceptible to poliovirus 
infection (as determined by later direct 
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TABLE 5. Spread of Attenuated Virus to Susceptible Family Contacts of 
Vaccinated Infants. 


Fecal virus excretion (Exc.) in susceptibles and antibody response (AB) 


Type I Type 2 Type 3 Total 

Contacts Exc. AB Exe. AB Exe. AB Exc. AB 
Siblings 12/28% 6/7° 7/19 = 14/32 8/8 33/79 14/15 
(Total) (43)° (86) (37) (49) (100) (42) (93) 
Siblings 9/17 6/7 6/12 9/16 6/6 24/45 
(Secondary)? — (53) (86) (50) (56) (100) (56) 
Siblings 3/11 —- 2/7 5/16 2/2 10/34 
(Tertiary )° (27) (29) (31) (100) (29) 
Adults 4/18 3/4 1/10 0/19 — 5/47 3/4 

(22) (75) (10) (—) (11) (75) 


Numerator 

> Numerator 
cretors. 

© The numbers in parentheses equal percentage. 


those excreting virus; denominator 
those developing antibody response; denominator 


susceptibles. 
previously seronegative ex- 


4 First contact infections in families with susceptible siblings. 
© All contact infections subsequent to first in family. 


feeding). The percentages of susceptible 
siblings who were infected were quite 
similar for each virus type: 43 %, 37 %, 
and 44 % for Types 1, 2, and 3 respectively. 

In 24 of 45 (53 %) instances where there 
was at least one susceptible sibling in the 
family, secondary homotypic contact in- 
fection was observed. An attempt was 
made to obtain a crude rate of tertiary 
spread (e.g., index child to sibling to 
adult) by computation of the infection 
rate after the establishment of the first 
contact infection. Even assuming that all 
families in which two or more contact 
infections occurred were examples of 
tertiary spread, the rate of tertiary in- 
fection was only 29 % of susceptible sib- 
lings. 

Transmission of virus by contact was 
more variable in adults: four adults, or 
22°, of susceptibles, were infected by 


Type 1; one adult (10 %) was infected by 


Type 2, but no adult was infected by 
Type 3 attenuated virus. 

Antibody responses to poliovirus in- 
fections among contacts are also given in 
Table 5. Of 15 siblings who lacked them 
prior to infection, 14 (93%) developed 
homotypice antibodies. Three of 4 previ- 
ously seronegative adults were converted 
to positive by contact infection. 

The most rapid transmission apparently 
occurred in 2 siblings from whose stoo!s 
Type 2 virus was isolated only 2 days after 
feeding of the index child. The late:t 
contact infection took place in a sibling 
who first developed Type 3 virus excretion 
53 days after the vaccination of the ind: x 
child. The latter excreted detectable Ty \¢ 
3 virus sporadically for 63 days aftr 
feeding. 

Approximately two-thirds of cont: t 
infections were established within 2 we: <s 
of feeding of the index child, as shown 1 
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TABLE 6. First Appearance of Virus in Feces of Contacts of Index Children. 


Number of contact infections detected 


No. of weeks 


by poliovirus type 


post-vace. of All 
index child 1 2 3 % Rate? 
l 2 4 2 8 21 6.4 
2 11 1 5 17 66 14.4 
3 2 2 é 7 84 6.9 
4 3 : 92 3.2 
5-15 ] 5 100 0.3 
Total 16 8 14 38 


* Cumulative percentage of all infections. 


® Weekly incidence of contact infection per 100 susceptibles. The number of susceptibles at the 


beginning of the first week was 126 (Table 5). 


Table 6. The infection rate was as high as 
14.4 per 100 susceptibles during the second 
week post-vaccination, but averaged only 
0.3 from the 5th to the 15th week. 

Four examples of intrafamilial spread 
of virus given to the index child are con- 
tained in Tables 7 through 10. The B 
family (Table 7) exemplifies the more or 


less simultaneous onset of excretion of 
Type 1 virus by three siblings. Infection 
presumably occurred early in the second 
week after vaccination of the index child. 
During the 5th week of the trial, 1 of 3 
susceptibles in the family were infected 
by Type 3 virus. 

The second example (Table 8) is one in 


TABLE 7. T'ransmission of Attenuated Types 1 and 3 Viruses in the B Family.* 


Week of trial No. 
to polio types 
No. (Years) 
l 2 3 ] 2 | 3 | as | 5) | 6 
| B-l VI 
| B-1 2/12 x x =x <ié 
B-2 27 x 
B-3 29 x x 
B-4 6 x l < 
B-5 4 x x I < 
3—6 2 x x x l < 3 =e 


In this and Tables 8-10, person No. | is the index child, No. 2 is the father, No. 3 is the mother, 


and other numbers signify siblings; 


x indicates susceptible status (homotypic antibodies absent or derived from killed-virus vaccination); 


\\ refers to feeding of attenuated virus (Type 1) to the index child at the time indicated by week 


o: the trial; 


1, 2, and 3 correspond to first isolations of poliovirus types from biweekly stools; and the horizontal 


li es show the duration of virus excretion. 


\ break in the line indicates stools from which virus was not recovered; 

‘ signifies the last isolation of the particular virus; and 

> signifies that virus excretion continued beyond the time period illustrated. However, no new 
contact infections occurred in these families after this portion of the trial. 
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TABLE 8. T'ransmission of Types 1 and 3 Attenuated Viruses in the Q Family, Showin: 
Circumstantial Evidence for 3 Intestinal Passages of Type 1.* 


Susceptibility Week of trial No. 
Person Age to polio types 

No. (Years) 

Ce 1 2 | 3 | 4 | 5 6 
Q-1 vl V3 | 
Q-1 2/12 x x x <3 
Q-2 27 x Xx 
Q-3 28 x x 1 = 
Q-4 3 x x x ating, 
Q-5 x x | 


@ See footnotes to Table 7. 


which the index child (Q-1) infected its 
mother (Q-3) and a sibling (Q-5) during 
the second week after vaccination with 
CHAT. Twenty-one days after the Type 1 
feeding, the index child was fed Type 
3 vaccine, subsequent to which Type 1 
virus was no longer found in his stools. 
The sibling and the mother continued to 
excrete Type 1 virus. Thus when the fa- 
ther’s (Q-2) stool became positive for 
Type 1 37 days after poliovirus had been 
introduced into the family, the most pro- 
bable source of his infection was either 
the mother or sibling by tertiary spread. 
Table 8 also shows that two siblings 


(Q-4 and Q-5) were infected with Type 3 
virus by contact during the 5th week of the 
trial. It is interesting to note that on two 
occasions both Types 1 and 3 polioviruses 
were detected in the feces of Q-5. 

In the H family (Table 9) the index 
child (H-1) excreted Type 2 virus sporadi- 
cally for 58 days after feeding. Spread of 
this type of virus to two siblings was ob- 
served; one (H-4) at only 2 days after vac- 
cination of the index child and the other 
(H-6) 29 days later. At the time subject 
H-6 became virus positive, H-4 had al- 
ready ceased to excrete detectable virus, but 
H-1 was still excreting Type 2 sporadically. 


TABLE 9. Early and Late Transmission of Attenuated Type 2 Virus in H Family.* 


P Susceptibility Week of trial No. 
a Age to polio types 
No. (Years) 
1 2 3 7 | 8 | 9 10 1] 12 
H-1 v2 
H-1 8/12 « «xf 
H-2 34 x x x 
H-3 32 
H-4 “ x x x 442 < 
H-5 6 x x 
H-6 3 x x x a = 


* See footnotes to Table 7. 
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TABLE 10. T'ransmission of Type 3 Attenuated Virus in the I Family, Showing Infection 
of Four Siblings.* 


Susceptibility Week of trial No. 
Person Age to polio types 
No. (Years) 
1 2 3 4 5 6 yf | 8 | 9 
I-1 V3 v2 ! 
I-1 5/12 x x x 13 < 
2 
I-2 45 x >. 4 
j 41 x x 
1-4 11 x 3 
1-5 10 x 
I-6 x x 3 < 
I-7 2 x x x 3 < 


“ See footnotes to Table 7. 


° Had illness clinically diagnosed as poliomyelitis while pregnant with I-6. 


Type 3 contact infection involving four 
siblings was seen in the I family (Table 
10). The youngest sibling (I-7) was the 
first who excreted detectable virus at 16 
days after vaccination, followed by the 
oldest sibling (I-4) at 20 days after vac- 
cination, and the other 2 siblings (I-5 and 
I-6) at 23 days after vaccination. Inas- 
much as the index child (I-1) excreted 
Type 3 virus for 27 days after its inges- 
tion, I-4, I-5, and I-6 may have been in- 
fected either by contact with him or by 
tertiary spread from sibling I-7. 

Influence of Inactivated-Virus Vacci- 
nation on Spread of Attenuated Virus.— 
In Table 11 data are analyzed with respect 
to the possible effect of Salk vaccination 
of the index child on the transmission of 
virus. The analysis is made by number of 
fa-nilies rather than by number of indivi- 
dvils because inactivated-virus vaccina- 
tic 1 of the index child is an all or none 
p! nomenon for each family; and because 
th s method eliminates the influence of 
p sible tertiary spread from sibling to 
si ing in large families. The percentage 


TABLE 11. Killed-Virus Vaccination of In- 
dex Child and Virus Spread from Index 
Child to Other Susceptible Family Members. 


Index child Polio virus type 


Salk- 

vaccinated 1 2 3 all 
Yes 5/11% 6/11 16/30 (53 %) 
No 4/6 2/4 3/5 9/15 (60%) 


* Numerator = families in which virus spread 
occurred; denominator = families in which there 
were susceptibles. 
spread produced was similar for Salk 
vaccinated (53 %) and for non-Salk vac- 
cinated index children (60 %). The small 
difference was not statistically significant 
(x? = .001; p > .95). 

Influence of Pharyngeal Virus Excretion 
on Spread.—Virus was detected in the 
pharynges of 5 index children during the 
week after ingestion of Type 1 vaccine, 
and in | each after Types 2 and 3 (Table 
12). The possibility was considered that 
spread might be correlated with the 
presence of virus in the pharynx of the 
index child. Only for Type 1 virus were 
there enough pharyngeal positives to at- 
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TABLE 12. Pharyngeal Excretion of Virus 
by Index Children and Intrafamilial Trans- 
mission of Virus. 


ait Spread within families 
of poliovirus type 


pharyngeal 


virus 2 all 
Yes 4/5*% 0/1 1/1 5/7 
(80)? (100) (71) 
No 5/12 7/1 8/15 20/38 
(42) (64) (53) (53) 


* Numerator = families in which spread occur- 
red; denominator = families in which index child 
excreted homotypic virus from the pharynx. 

® Numbers in parentheses = percentages. 


tempt comparison: the results show 80 % 
intrafamilial spread in  pharynx-posi- 
tive and 42 % in pharynx-negative index 
children. 

To determine if those infants who mani- 
fested viral multiplication in their throats 
also had high titers of fecal virus, one 
stool from each index child, obtained 7-11 
days after Type | feeding, was tested for 
virus concentration. As shown in Table 13. 
virus concentrations above 10*° TCD,,/g 
were observed in the feces of 3 of 5 pha- 


ryngeal excretors, and 6 of 12 non-ex- 


TABLE 13. Relationship Between Presence of 


cretors. As also shown in Table 13, index 
children who excreted more than 10*' 
TCD,,/g of virus on this sampling wer« 
sources of intrafamilial transmission 0! 
virus in 6 of 9 families, and 43 % of sus. 


ceptible individuals, whereas those who 


excreted less than 10*° TCD,,/g caused 
spread in 3 of 8 families and 20 % of sus- 
ceptibles. 

The concentration of virus excreted by 
the index children in the families of the 
four adults who developed contact  in- 
fection with Type 1 virus, was more than 
10*° TCD,,/g of feces in every case. Two 
of the four infected adults were not in 
contact with an index child known to 
have virus in its pharynx. 

Clinical Observations.—Although the 
small size of this trial did not permit a 
true test of safety, every effort was made 
to detect both major and minor reactions 
to the live virus vaccine. There were no 
neurological illnesses, and in particular. 
no signs of meningeal irritation in any of 
the subjects. The only serious illness in the 
Moorestown families was ulcerative colitis 
in a 25-year-old mother, which developed 


Virus in the Pharynx and the Concentration 


of Virus in the Feces of Index Children to the Production of Intrafamilial Spread. 


Index children 


Contact infection 


virus per g Pharynx 


Pharynx 


of feces® pos. neg. Families Individuals 
1094-0 3 6 6/9° 12/28° (43)¢ 
103-0_103-9 1/4 2/8 (25) 
103-0 1 <3 2/4 2/12 (16) 
Total 5 12 9/17 16/48 (33) 


* Single stool excreted 7-11 days after feeding. 
Numerator = families in which spread occurred; denominator = families in which there were s 
ceptibles. 
© Numerator = individuals infected; denominator = susceptibles. 
4 Numbers in parentheses = percentages. 
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TABLE 14. Onset of Minor Illnesses in In- 
dex Children (Showing Lack of Relation- 
ship to Vaccination). 


Illnesses beginning during 


pases post-vaccination week No. 
fed l 2 3 4 
] 2 1 3 5 
] l 0 
3 5 4 3 2 
Total 8 8 7 a 


before she herself received attenuated 
poliovirus, and in the absence of demon- 
strable contact infection from her infant. 
She eventually recovered sufficiently to 
continue participation in the study. 
Minor illnesses ranged from the usual 
complement of aches and pains to vari- 
cella and erythema infectiosum. Since all 
index children were infected with living 
poliovirus, their illnesses were tabulated 
by the week of onset, to determine if an 
excessive number occurred during the 
second week post-vaccination. There was 


no excess of illness in the index children 
during any week (Table 14). For other 
family members the data could be analyzed 
with respect to the presence or absence 
of fecal virus at the time of illness. In 
addition, those illnesses which occurred 
after direct feeding of vaccine, and those 
which occurred after contact exposure to 
first passage virus were separately studied. 
As shown in Table 15, positive excretors 
had approximately the same rate of ill- 
ness as non-excretors; the small differ- 
ences were statistically insignificant. 
Duration of Virus Excretion—Virus 
excretion was detected after 54 feedings 
to index children, and 65 feedings to other 
family members. The absolute duration 
of virus excretion could not always be 
determined because many infections were 
interrupted or obscured by feeding of 
another type of virus; but as summarized 
in Table 16, at least 3 weeks geometric 
mean duration of excretion was observed 
for all 3 virus types fed to index children. 


TABLE 15. Incidence of Minor Illnesses in Attenuated Virus-Excreting and Non-Virus- 
Excreting Family Members. 


Illnesses by poliovirus type 


] 2 3 Total 
After Virus Feeding 
Excretors 1/17 12/38 17/81 
(15)? (6) (32) (21)° 
Non-excretors 3/45 8/44 11/25 22/114 
(7)° (18) (44) (19)° 
After Exposure to 
Contact Infection 
Excretors 4/16 3/8 2/14 9/38 
(25) (38) (14) (24)° 
Non-excretors 11/45 7/63 15/57 33/165 
(24) (11) (26) (20)° 


’ Numerator = individuals with minor illnesses; denominator = individuals in particular category. 


Numbers in parentheses equal percentage. 
Chi-square of comparison not significant. 
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TABLE 16. Frequency and Duration of Fecal Virus Excretion in Susceptible Subjects. 


Poliovirus infections, 


Geometric mean duration 


of excretion in days, 


— by type by type 
Group virus 1 2 3 All 1 2 3 All 
Index 
children Feeding 18 18 18 54 BS" 23 21° 23° 
Siblings Feeding 15 12 17 44 174 15% 30% ~— 20° 
Contact 12 7 14 33 23 20 25 23 
Adults Feeding 7 4 10 21 18% 14 18 a 
Contact 4 1 — 5 32 18 — 29 


* Signifies that the mean includes periods of viral excretion shortened by feeding of another type 


of attenuated virus. 


After virus feeding of siblings, at least 4 
weeks mean excretion was observed for 
Type 3 virus, and at least 2 weeks for 
Types 1 and 2. The mean duration of at- 
tenuated virus excretion after oral ad- 
ministration to adults was approximately 
2 to 3 weeks. 

The duration of excretion could be 
determined accurately for all 38 contact 
infections in siblings and adults. The mean 


duration for Types 1, 2, and 3 contact in- 
fections in siblings was 23 days, and in 
adults 29 days. Excretion for 1 week was 
observed after 1 feeding (Type 1) and 2 
contact infections (Type 2), all in siblings. 
The longest continuous virus excretion 
was 63 days, recorded in a sibling after 
Type 2 contact infection. 

Resistance to Reinfection.—Resistance 
to intestinal reinfection was demonstra- 


TABLE 17. Frequency and Duration of Excretion of Attenuated Poliovirus After Revaccina- 
tion of Previously Infected Subjects. 


Ratio of reinfection, 


Geometric mean duration of excretion 
by virus type, in days 


Positive ex- Including non- 


by type cretors only excretors 
previous 
Group infection 1 2 3 all 1 2 3 1 2 3 all 
Index 
children Feeding 4/187 -/1 1/1 5/20 12 — 3 > 
(22)? (—) (100) (25) 
Siblings Contact 3/12. -/7 6/14 9/33 20 — 14 2 _ 3 
(25) (—) (48) (27) 
Adults Natural 1/7 1/46 -/6 2/19 15 9 — 1 1 — 
infection (14) (16) (—) (11) 


¢ Numerator = those reinfected; denominator = those refed. 
> Numbers in parentheses are percentages. 
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Fig. 1. The duration of fecal virus excretion after first and second feedings of attenuated poliovirus 
to the same individuals. 


ted when attenuated virus was fed for 
the second time to index children and 
contact-infected family members, and for 
the first time to naturally immune adults. 
Table 17 contains the results of refeeding, 
which should be compared with the results 
of first feedings to susceptibles already 
presented in Table 16. These data are 
compared graphically in Fig. 1. It will be 
seen that the duration of fecal virus ex- 
cretion after second feedings was less than 
after the first in 54 of 58 cases (93 %), and 
in 44 cases (76 %) no virus at all was detec- 
ted after refeeding. 

Only 2 of 19 adults who had naturally 
quired antibodies excreted virus after 


ecding of attenuated virus. 

Study of Attenuated Viruses After Hu- 
n in-to-Human Intestinal Passages.—The 
vvuses excreted by the index children 
‘1 their contacts provided material for 


testing the stability of the vaccine strains 
with respect to several genetic markers. 
Three human-to-human passages of Type 
1, and two passages of Types 2 and 3 
attenuated viruses were tested. These 
tests have not yet been completed; how- 
ever, the results obtained thus far are 
presented here. 

The results of intracerebral inoculation 
of monkeys with undiluted tissue cultures 
containing from 10°” to 10°’ TCD,, of 
vaccine strains or fecal virus are presented 
in Table 18. The 3 viruses fed showed no 
intracerebral pathogenicity in these tests. 
Furthermore, the Type 1 virus (CHAT) 
failed to produce any paralysis in 14 
monkeys, even after 3 human-to-human 
intestinal passages. The Type 2 virus 
(P-712) also was clinically harmless for 8 
monkeys after two passages. A second 
human passage of Type 3 virus (W-Fox) 
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TaBLE 18. Intracerebral Pathogenicity for Monkeys of Attenuated Viruses After Human 
Intestinal Passages 


Virus inoculum 


Pathogenicity 


Histological lesions 


Human Isolated Tissue 
intestinal days after culture Log,, Monkey Cervical Lumbar 
Type Source passage infection passage TCD;) species Paralysis neurons neurons 
l CHAT 7.5 R 0/5° ~—-0,0,0,0,0  0,0,0,0,0 
Q-1 l 7 7.0 J 0/4 0,0,0,0 0,0,0,0 
Q-5 2 5 I 5.7 J 0/3 0,0,+ 0,0,+ 
Q-2 3 12 l 7.0 R 0/3 0,0,0 0,0,0 
2 8.7 R 0/4 0,0,0,0  0,0,0,0 
P-712* 5.2 R 0/5 0,0,0,0,0 0,0,0,0,0 
D-1 I 6 l 7.5 R 0/4 0,0,0,0 0,0,0,0 
D-4 2 5 5.5 R 0/4 0,0,0,+  0,0,0,++4 
3. W-Fox" R 0/5 0,0,0,0,0 0,0,0,0,0 
I-] I 9 l 7.2 R 0/4 0,0,0,0 0,0,0,0 
2 22 l 5.2 J 1/4 
I—4 2 5 l 5.5 R 0/4 0,0,0,7 0,0,+, + 
Total for Passage Strains 1/34 5/34 6/34 
(3%) (15 %) (18 %) 


* Vaccine «crain; results given are for the particular pool used in feeding. 
® Ratio of monkeys paralyzed to monkeys inoculated. 


© The monkey with clinical paralysis. 
0 = No lesions of poliomyelitis. 
10-20% of neurons destroyed. 


20-40% ,, 
40-60% 
60-100 % ,, 99 


Java. 


R = Rhesus; J 
paralyzed 1 of 4 monkeys, whereas a 
first passage virus and another second pas- 
sage virus failed to produce paralysis in 8 
monkeys. Thus only 1 of 34 monkeys 
developed paralysis after intracerebral 
inoculation of material representing first 
to third human passages of these attenua- 
ted viruses. 

The spinal cord of each of the monkeys 
was examined histologically: 6 of the 34 
had lesions of poliomyelitis; 5 in both the 
cervical and lumbar areas, and one in the 
lumbar area only. In none of the positive 
monkeys was more than 20 % of cervical 
area neurons affected. With regard to the 


neurons of the lumbar area, 3 monkeys 


showed mild histological lesions (< 20 °, 
of neurons affected); 1 monkey showed 
intermediate damage (20-40 % of neurons): 
and 2 (including the paralyzed monkey) 
developed moderately severe neuronal! 
destruction (40-60 %). 

The stability of three in vitro charac 
teristics of polioviruses was studied for th: 
CHAT Type 1 virus and 9 of its huma: 
passage strains. The three characteristic 
were: comparative growth in tissue cultu 
at 37°C and at 40°C (23), plaque formatio 
in monkey kidney stable line (MS) cel! 
(15), and inhibition of growth in monke 
kidney tissue cultures by high dilutio: 
of anti-CHAT serum (31). The results | 
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TABLE 19. Genetic and Serologic Markers of CHAT and its Human Passage Strains. 
(From Koprowski et al. and Gard (8)). 
Markers*® 

Human Isolated Neutralization 

intestinal post-infection by anti-CHAT 
Strain passage day No. Temp. MS serum 
CHAT — — Cold MS Yes 
C-1 1 7 Cold MS Yes 
D-1 ] 8 Cold MS Yes 
] 6 Cold MS 
L-l Cold MS Yes 
{-] 1 5 Cold MS Nees 
Q-1 | 7 Cold MS Yes 
O-5 2 4 Interm. MS Yes 
Q-5 2 5 Cold MS Nee. 
Q-2 2 12 Cold MS Yes 
Mahoney - - Hot MS* No 
Virulent (10)? ? 10-21 Hot (6) MS* (10) No (6) 

Interm. (1) N.T. (4) 


* Isolated in monkey kidney tissue culture and used as first passage. 
’ Ten “wild”’ strains isolated from paralytic patients during an epidemic. 


explanation of markers: 


Poor growth in tissue cultures incubated at 40°C; 3 or more logs higher titer at 37°C. 


Fair growth at 40°C but virus concentration 2 to 3 logs higher at 37°C. 


Cold 

Hot = Similar growth at 40°C and 37°C. 

Intermediate 

MS = Little or no plaque formation in monkey kidney stable line cells; 

MS* = Good plaque formation in both fresh and stable monkey kidney cells. 


Neutralization by anti-CHAT serum 


signifies inhibition of the strain by the highest dilution of 


anti-CHAT serum which will inhibit the CHAT strain itself. The tests were performed either in 
monkey kidney tissue culture tubes or in monolayers under agar. 


these tests will be published in detail as 
part of genetic and serological studies of 
viruses isolated during a large-scale vac- 
cination program in the Belgian Congo 
(7. 19), but are summarized in Table 19 
for convenient reference. All 9 passage 
strains which were tested for the tempera- 
ture and MS characters multiplied better 
a’ 37°C than at 40°C (‘‘cold”’ marker in 7 
and “intermediate” marker in 1), and bet- 
tr in primary monkey kidney cells than 
the stable line (*“MS’” character). Se- 
m prepared against CHAT virus com- 


| -tely inhibited plaque formation by 6 
| ssage strains (including 4 first, 1 second, 
d 1 third passage). In the same tests the 


CHAT 


“MS”, and inhibited completely by its own 


vaccine strain was also “‘cold’’, 
antiserum, whereas in contrast, the Ma- 
honey virulent virus and a group of “‘wild”’ 
Type 1 strains isolated from paralyzed 
patients grew well at 40°C (“hot” marker) 
and in MS cells (““MS+’’ marker), and formed 
plaques under anti-CHAT serum. 

At this writing, the W-Fox (Type 3) 
virus and its first and second human pas- 
sage strains have been tested only for the 
temperature character. The original Fox 
virus grew poorly at 40°C and was there- 
fore a “cold” strain; but in contrast, only 
one of 4 first passage and none of 8 second 


passage strains had the ‘cold’ marker. 
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TaBLE 20. Temperature Markers of Fox 
And Its Human Passage Strains. 


Human Isolated 

intestinal post-infection Temperature 
Strain passage day character® 
Fox — — Cold 
I-1 1 7 Cold 
L-1l 1 9 Hot 
Q-1 1 10 Hot 
R-1 1 7 Hot 
E-4 2 10 Interm. 
E-5 2 10 Hot 
J-4 2 9 Hot 
I-5 2 4 Hot 
I-6 2 5 Hot 
I-7 2 2 Hot 
L-5 2 7 Interm. 
Q-5 2 18 Hot 
Virulent ? ? Hot 


* See footnotes to Table 19. 


Of the 3 strains tested for monkey neu- 
ropathogenicity, one was “cold” and 
produced no lesions of poliomyelitis on 
intracerebral inoculation, whereas 2 were 
“hot” and also produced lesions in the 
spinal cords of some of the monkeys. 
Surveillance of Poliomyelitis in the Com- 
munity.—Surveillance of poliomyelitis in 
New Jersey was maintained with the co- 
operation of the New Jersey State Board of 
Health. No case of poliomyelitis or aseptic 
meningitis has been reported in Moores- 
town from the inception of this trial to the 
present writing (November, 1959). Two 
cases of poliomyelitis occurred during the 
summer of 1958 in Burlington county, in 
which Moorestown is located, but both 
occurred over 20 miles away near the city 
of Trenton. The nearest cases to Moores- 
town were reported from the city of Cam- 
den, which is 8 miles away, just across the 
Delaware river from Philadelphia. The 
Burlington county cases followed by 6 


weeks the development of a poliomyelitis: 
focus in Trenton; and the Camden cases 
occurred after the commencement of th« 
poliomyelitis season in Philadelphia, with 
which Camden is socially contiguous. 


Discussion 


The three objectives of this trial were to 
study vaccine efficacy in normal subjects 
of different ages; the spread of virus in 
typical families; and the stability of these 
attenuated strains after human passage. 
With regard to efficacy, the strains used 
were 95 % infectious and antigenic in sus- 
ceptible infants and children, which is in 
agreement with previously reported studies 
of vaccination with the same strains 
(4, 17, 26). Attenuated virus was as ef- 
fective after contact infection as after 
direct feeding, producing antibodies in 
93 % of infected children. These results 
can be contrasted to the relatively poor 
response of the Moorestown children to 
the Types 1 and 3 components of the kil- 
led virus vaccine. 

On the other hand, only approximately 
50 % of seronegative adults were infected 
by live-virus feeding and developed ai 
antibody response. Among the possible 
reasons for the poor response of the adul! 
are that the gastrointestinal tract of the 
adult is a less favorable environment fc 
poliovirus multiplication than the gastr: - 
intestinal tract of the child; perhaps b:- 
cause gastric acidity in adults destroy ; 
much of the virus before it reaches tl» 
intestine. Another possibility is that son: 
of the seronegative adults had been i - 
fected and immunized in the past 
natural virus, but had since lost detec -- 
able serum antibodies. Such individu: s 
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might be resistant to infection although 
apparently seronegative. Relative refrac- 
toriness of adults to live-virus infection 
has been noted also by other workers (2). 

The duration of fecal virus excretion 
was markedly influenced by the poliovirus 
infection history of the individual. Virus 
excretion by previously susceptible in- 
dividuals after a second feeding of at- 
tenuated virus was on the average one- 
tenth as long as after the first infection. 
Acquisition of intestinal resistance to re- 
infection by attenuated viruses has been 
demonstrated previously with these and 
with other strains (9, 20, 21, 26, 29). 
Hopefully, the resistance to attenuated 
virus acquired by vaccinated individuals is 
associated with similar resistance to chal- 
lenge by virulent viruses circulating in 
nature. 

Considerable public health significance 
attaches to the second focus of this study: 
the ability of living virus to spread 
and to immunize by contact-infection. A 
single administration of living virus to the 
index children immunized, on the average, 
1.62 previously susceptible members of 
these families. 

However, our results do not support the 
concept that “epidemics” of attenuated 
virus infection will immunize whole po- 
pulations. Contact infection occurred in 
roughly 40% of susceptible siblings for 
each of the three types of virus, which 
wes a considerably lower rate than the 
vi'tually 100% infection of susceptibles 
ol erved in familial episodes of wild 
po ‘ovirus infection (3, 6, 12) (assuming 
tht the latter were not from a common 
es rafamilial source). Even after two hu- 
m n-to-human passages, the attenuated 
Vv! ises maintained their low contagious- 
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ness, possibly because the infective dose of 
attenuated virus remained high. 

That only 11% of susceptible adults 
were infected by contact perhaps may be 
explained by the relative resistance of 
adults to attenuated virus infection, and 
the better hygiene practiced by them. 

Two inoculations of Salk vaccine had no 
apparent retarding effect on the spread 
of attenuated poliovirus. In several pre- 
vious studies, three inoculations of inac- 
tivated virus have been observed also to 
be without such effect (9, 10, 11, 21, 29). 
There was a trend (statistically insignifi- 
cant) for greater spread when the index 
child excreted virus from the pharynx as 
well as from the intestine. Inasmuch as a 
considerable degree of spread took place 
in the absence of detectable pharyngeal 
excretion, it is obvious that this factor 
did not exclusively determine the likeli- 
hood of spread. Moreover, within the con- 
siderable limitations of small numbers it 
was noted that pharyngeal virus-positives 
tended to have high concentrations of 
poliovirus in the stool, which were also 
associated with a greater degree of spread. 
Thus we were not able to evaluate separa- 
tely the importance of pharyngeal and 
fecal virus excretion in transmission. 

The study of live virus vaccination by 
Gelfand, Potash, LeBlane & Fox (9) is so 
cognate to our own that a detailed com- 
parison seems warranted. This group used 
the LSc (Type 1), P-712 (Type 2), and 
Leon (Type 3) strains of Sabin (29) in 
a group of families whose poliomyelitis 
immunity had been well studied since 
1953. Their principal findings were as fol- 
lows: after virus feedings of 10°" to 10°° 
TCD,, of attenuated virus, 100 % of sus- 
ceptible children age 2-8 years excre- 
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ted virus in their stools, and 7 % were 
also pharynx-positive. With a hundred- 
fold larger dose, fecal virus excretion was 
maintained, and 74 % had detectable virus 
in their throat. In comparison, 98 % of 
susceptible infants and children in the 
present study excreted virus in the stool. 
After a feeding of 10°? TCD,5, 28 % of 
infants excreted Type 1 virus in the 
pharynx in contrast to only 6% after 
10°° TCD,, of Types 2 and 3 vaccine. 
Thus, the rates of intestinal infection in 
the two studies were quite comparable, 
and there was some evidence that the in- 
cidence of pharyngeal infection varied di- 
rectly with the virus dose administered. 

A striking difference in virus spread 
(9 % versus 53%) was observed by Gel- 
fand et al. (19) between families belonging 
to “upper” and “‘lower’’ economic groups. 
In our families, who would all fall into 
the “upper economic” class defined by 
Gelfand et al., susceptible children were 
infected by contact in 42 % of instances. 
Using the same Type 2 strain, no spread 
of virus was observed by Gelfand et al. 
among children of “upper economic” 
New Orleans families, whereas we found 
contact infection in 37 % of “upper eco- 
nomic” Moorestown children. After taking 
into consideration possible differences in 
laboratory technique, two possible ex- 
planations for the disparity in results sug- 
gest themselves; that the Moorestown 
families have the characteristics of “lower 
economic’’ New Orleans families, or that 
there was some difference in the “spread- 
ing ability” of the two groups of index 
persons. The first hypothesis can be re- 
futed by our direct observations of the 
Moorestown families. With regard to the 
second possibility, it is notable that our 


index subjects were 2 to 15-month-ol: 
infants, whereas children above 2 years o: 
age and adults served this function in the 
New Orleans study; and that Gard et a/. 
(8) observed intrafamilial spread of the 
CHAT strain by infants under 20 months 
of age but not by older children. Thus, age 
of the virus donor may be one of the more 
significant factors determining the likeli- 
hood of transmission. 

The third objective of the trial was to 
study the properties of attenuated viruses 
after natural transmission from man to 
man. The relative inability to grow at 
40°C or in MS cells (temperature and MS 
markers) has been found to be general- 
ly associated with low pathogenicity for 
primates on intraneural inoculation (15, 
23). No change was discerned in the tem- 
perature or MS characteristics of 9 first 
to third human intestinal passages of 
the CHAT Type 1 strain. Furthermore, 
CHAT remained antigenically distinguish- 
able from a group of virulent strains even 
after 3 human-to-human passages. 

Tests of intracerebral pathogenicity for 
monkeys gave no evidence of a loss of at- 
tenuation of the CHAT virus after 3 
human intestinal passages. Przesmycki 
et al. (28) also tested 11 strains of fecal virus 
isolated after one and two human pas- 
sages of CHAT and found no paralysis 
after intracerebral inoculation in monkevs: 
spinal cord lesions occurred only in those 
injected with a culture of a stool which 
contained an unidentified cytopathoge: ic 
agent as well as poliovirus. 

Two human-to-human passages of ‘he 
P-712 Type 2 strain also failed to show 
marked changes in its neuropathoge ic 
properties for monkeys. 

The results obtained with the W-! ox 
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[ype 3 strain are more difficult to inter- 
pret, and larger numbers of monkeys 
would be desirable. No lesions of polio- 
myelitis were caused by the vaccine or the 
first passage strain tested. The 2 second 
passage strains each produced histologic 
lesions in 2 of 4 monkeys, but clinical 
paralysis developed in only one. Polio- 
viruses which produce paralysis in 1 of 
4 monkeys after inoculation of 100,000 
TCD,, have been categorized by others as 
relatively attenuated strains (11, 13, 14). 
On the other hand, the temperature marker 
changed from ‘‘cold’’ to “hot” in the first 
passage strains, indicating some degree 
of genetic instability. We conclude that 
the results reflect no gross change in 
neuropathogenicity, but that the W-Fox 
strain is not stable after passage through 
the human intestinal tract, with respect 
to certain genetic characteristics, and dif- 
fers in this respect from the CHAT strain. 
Further interpretation of the characteris- 
tics of the attenuated viruses after passage 
in these families awaits completion of our 
tests. 

Recent large-scale trials of live polio- 
virus vaccination (1, 27, 30) have largely 
allayed fears concerning safety for the 
vaccinees, but some are concerned with 
the hypothetical occurrence of back- 
mutation of excreted virus to human neu- 
rovirulence and the possible effect of such 
Virus on unvaccinated contacts. For this 
reason, the stability of the characters of 
these strains (including attenuation for 
monkeys) after multiple passage assumes 
extreme importance. Published reports 
24, 25) indicate that a certain propor- 
tin of subjects fed other attenuated 
s'-ains (LSc, Leon KP-34, SM) excrete 
Vv us possessing altered characters, in- 


cluding high neuropathogenicity for mon- 
keys. For example, Wesslén & Ekelund 
(32) recently reported a study in a home 
for mentally retarded children, where the 
LSe strain (29) spread from vaccinees to 
92 % of susceptible contacts. Tissue culture 
passages of stools from 2 vaccinees and 8 
infected contacts were tested for intrace- 
rebral pathogenicity in monkeys. Patho- 
genicity was demonstrated for strains 
isolated from 5 subjects. Of 20 monkeys 
inoculated intrathalamically with these 
first and second passage strains, 9 (45 %) 
were paralyzed, whereas the original virus 
fed had caused no paralysis. 

Further research will reveal whether 
certain strains, such as CHAT, have the 
specific characteristic of stability through 
human passage. In any event, it is evident 
that stability of excreted virus must be 
evaluated as thoroughly as are other 
properties of the attenuated strains used 
for vaccination. 


Summary 


1. The CHAT (Type 1), P-712 (Type 2), 
and Wistar-Fox (Type 3) strains of living 
attenuated poliovirus were administered 
to 18 infants who were members of typical 
families living in a suburb of Philadelphia. 
Asymptomatic intestinal infection with 
the three poliovirus types occurred in all 
18 infants and antibodies developed in all 
but one infant, who acquired antibodies 
only to Type 1 and Type 3 viruses. 

2. Viruses of all 3 types were excreted 
by the infants and spread to 42 % of sus- 
ceptible siblings and 11 % of susceptible 
adults during the 15 weeks after vac- 
killed-virus inoculations 


cination. Two 


given to some of the infants failed to in- 


1S 
yo 
re 
li- 
to 
es 
to 
at 
IS 
il- 
‘or 
5. 
n- 
st 
ot 
re, 
h- 
en 
‘or 
at- 
3 
ki 
us 
is 
Ose 
h 
ic 
ne 
ic 
xX 


570 STANLEY A. PLOTKIN ef al. 


fluence the degree of intrafamilial trans- 
mission. The relative importance of pha- 
ryngeal and fecal virus in spread could 
not be determined from the present data. 

3. On direct virus feeding, the response 
of seronegative siblings (ages 1 to 14 years) 
was similar to that of the infants (91 % 
infected), whereas seronegative adults 
were infected by only about 50 % of the 
feedings. Virus was detected in the stools 
of susceptibles for an average of 3 to 
4 weeks after vaccination. In contrast, 
previously live-virus vaccinated or natur- 
ally infected individuals manifested a high 
degree of resistance to intestinal reinfec- 
tion: their average period of excretion 
was only 2 days. 

4. Preliminary tests of fecally excreted 
virus representing first to third human 
passage strains were performed by intra- 
cerebral inoculation of monkeys. The 
strains tested failed to show the develop- 
ment of a significant degree of neuropa- 
thogenicity. Genetic and antigenic markers 
of the Type | strain also remained stable 


through 3 human passages, whereas thx 
Type 3 virus became altered in at leasi 
one marker. 

5. The trial was not designed to test 
safety, but it was noted that no neurologi- 
cal illnesses occurred, and that minor ill- 
nesses were unrelated to the carriage of 
virus. Surveillance of neurological illness 
in the area revealed no discernible harmfu! 
effect of the trial on the community. 
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From the University Clinic of Paediatrics and the EEG Laboratory, 
Rigshospitalet, Copenhagen 


Treatment of “‘Hypsarrhythmia” with ACTH 


by W. TROJABORG and P. PLUM 


Although so-called infantile spasms have 
been recognized for more than 100 years 
(West, 1841 (16)) and although this is a 
frequent form of epilepsy in childhood, only 
limited interest was shown in this clinical 
picture until Hess & Neuhaus (10) and 
Gibbs & Gibbs (7) in the same year, 1952, 
demonstrated that this type of seizure 
was associated with a characteristic elec- 
troencephalographic picture which Gibbs 
& Gibbs termed hypsarrhythmia (hypsi = 
high). The majority of authors state 
that the condition is for the most part 
refractory to all the anti-epiliptic drugs 
usually employed and that the prognosis 
is extremely poor, viz. 90 per cent of the 
children become severely mentally defec- 
tive and 10 per cent die within the first 
years of life. 

In 1958 Sorel & Dusaucy-Bauloye (14) 
published a report concerning the favour- 
able effect of treatment with ACTH and 
this was later confirmed by other authors 
(4, 5, 9, 12, 13, 15). These communications 
awakened new interest in this disease. 


The Authors’ Material 


The material consists of 30 children ob- 
served from 1953 up to and including Sep- 


tember 1959. Over half of these cases were 


observed during the past eighteen months. 
The group showed a considerable prepon- 
derance of boys, viz. 22 boys as compared 
with eight girls. The age distribution is 
shown in Fig. 1. 


Description of the Seizures 


The seizures occur as a series of jerkings 
with free intervals. The number of jerks 
per series varies from very few up to about 
70. The intervals between jerks may all he 
equally long but may also vary from a 
few seconds to several minutes. The jerks 
most frequently consist of the following 
components: flexion of the head, symmet- 
rical flexion and adduction of the arms and 
flexion at the hips of the extended or flexed 
legs. The contractions occur apparent'y 
simultaneously but may be slightly displa- 
ced in time in relation to one -nother, «s 
becomes apparent from slow-motion films 
(Fig. 2). The seizure is frequently a 
companied by screaming or, more rare’ y, 
by smiling and occasionally by alter- 
tions in colour. In the free intervals, te 
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MONTHS 


Fig. 1. Age at first examination. 


child lies still and apparently relaxed. 
It is uncertain whether consciousness is 
lost but the impression is frequently ob- 
tained that the child is distressed. The 
attacks vary in number from very few 
to approximately ten daily: isolated jerks 
may, however, also occur. 

experience has revealed that not only 
the parents but also other observers have 
difficulty in describing the seizures and it 


is not unusual that the parents are unaware 
that fits are involved as the jerks may 
be interpreted as the expression of pain 
or ordinary restlessness. The condition 
may also be misinterpreted by doctors 
as the attacks may be confused with the 
absences of petit mal. 

A descriptive name for this form of 
epilepsy is needed. None of the numerous 
names proposed fully describe the fact 


g. 2. Section of a film-strip showing an isolated contraction involving the head, arms and legs in a 
child in whom the attacks consisted, as a rule, of series of 20-30 individual contractions. 
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8 9 10 1 12 13 MONTHS 


Fig. 3. Age at first attack. 


that the symptoms are generalized jerks 
occuring in series and separated by free 
intervals. The terms used are epilepsia 
myoclonica infantilis, infantile spasms, 
minor motor epilepsy, maladie des spasmes 
en flexion de la premiére enfance, encépha- 
lite myoclonique du nourrisson, epilepsie 
généralisée en flexion and Blitz-, Nick- 
und Salaamkrampfe. 


Course of the Disease 


The attacks begin, as a rule, between 
the ages of one and 13 months (Fig. 3), 
and disappear spontaneously at about the 
age of three to four years or later in 
some cases. The attacks may affect both 
apparently healthy children as well as 
children who have previously presented 
symptoms of cerebral affection. In the 
former instance, the parents frequently 
report that the child has deteriorated 
both mentally and with respect to motor 
ability after the onset of the seizures. Of 


the 30 patients in this material, seven died 
(23 per cent), all prior to the age of three 
years (two children died in the first year of 
life, three in the second and two in the 
third). Of the remaining 23 children, 19 
are definitely mentally defective (83 per 
cent) and the four remaining children are 


suspected of being so. 


Incidence of the Disease 


Whereas Hess & Neuhaus (10) state 
that infantile spasms, which they term 
salaam spasms, are relatively frequent in 
early childhood, the general opinion has 
been that the condition is rather rare 
(2, 3, 17). In the Paediatric Clinic of th» 
University Hospital children with i: - 
fantile spasms constituted 25 per cent «f 
all children from 0-2 years investigate | 
for the first time because of convulsio: s 
(Table 1). In this connection, it shou |! 
be noted that the patient material atten: - 
ing the University Hospital is probab 


NO. OF 
CASES 
7 = 
5 
4 = 
2+ | 
Fi 
th 
Pe 
Hy 
Gr 
Gr 
Fo 
p 
Or 
t 


TREATMENT OF “HYPSARRHYTHMIA”” WITH ACTH 575 


Fig. 4. The same patient as in Figure 2 at the ages of 11 months and 1 year and 4 months, respectively. 


TaBLE I. Number of children suffering 

from convulsive phenomena investigated for 

the first time in the University Clinic of 

Paediatrics, Rigshospital, from 1.3.1958 to 
13.1959 


0-23 2-3"/,. 
Months Years Total 


Hypsarrhythmia 15 3 18 
Grand Mal 23 11 34 
Grand Mal+ Petit Mal 1 3 4 
Grand Mal + Focal Conv. 2 2 4 
Focal Convulsions 6 1 7 
Petit Mal 2 ] : 
Other Epileptic Attacks 12 K 15 

61 24 85 


selected as it consists of the most severe 
ceses and that no account is available of 
the actual incidence in Denmark. 


Etiology 


(wo of the 30 patients in the material 
“re siblings! and in four other cases 


A sister of these patients aged three months 
hos just been admitted on account of suspected 
e) lepsy. The EEG showed a picture typical of 
h psarrhythmia. The EEG’s of both parents were 
normal. 


there was a familial predisposition to 
epilepsy, in agreement with the findings 
of Zellweger (17). 

In 16 cases the history did not provide 
evidence of any etiological factor but in 
four of these 16 cases clinical symptoms 
of cerebral paresis were encountered. In 
four others the delivery had been complica- 
ted (Caesarean section in two cases and 
twin delivery in two cases). Of the remain- 
ing 14 patients 12 showed neonatal symp- 
toms of encephalopathy and eight suffered 
from asphyxia at birth. The disease was 
not preceded in any case by pyrexia 
which could be interpreted as a sign of 
encephalitis. Gibbs & Gibbs (8), on the 
other hand, found encephalitis as an etio- 
logical factor in 14 per cent of their cases. 

The present material, thus, affords no 
evidence that infantile spasms differ in 
etiology from the groups of encephalo- 
pathies which develop congenitally or pe- 
rinatally. Prematurity was present in 


five cases. 
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Fig. 5. Pneumoencephalography of the same patient as in Figures 2 and 4 at the age of 1 year and 4 
months. 


Neurological Investigations 


The most striking finding is the oli- 
gophrenia mentioned previously. In this 
material, 26 of the patients were definitely 
imbecilic and none could be stated with 
certainty to be mentally normal. No less 
than 13 out of the 30 children (43 per cent) 
had cerebral paresis and of these 11 had 
severe spastic tetraplegia, one spastic 
hemiplegia, and one spastic paraplegia. 
Seven of the children had strabismus and 
of these four were spastics. Microcephaly 
was found in three patients all of whom 


were also tetraplegic. 


Pneumoencephalography 


Air studies demonstrated cortical and 
ventricular atrophy in all 25 cases in which 


the examination was performed, in 22 of 
them, to a considerable extent. In three of 
the five cases in which the investigation 
was undertaken on more than one occasion, 
progressive atrophic changes were found 


(Fig. 5). 


Electroencephalography 


The EEG is characterized by slow activi v 
of 1 to3 per sec of high amplitude (500-61) 
microvolt) and spikes which occur asyi- 
chronously both within the same hemi 
sphere and in both hemispheres. D :- 
charge of spikes may, however, accordi:.g 
to Gibbs & Gibbs (7) also be generaliz:d 
and synchronized. The changes are equa y 
pronounced when awake as during sle: 
The picture may be differentiated fr: 
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Fig. 6. EEG with changes typical of hypsarrhythmia in a girl aged 14 months recorded one month 


after the commencement of the attacks. F. 


frontal, T. 


temporal, P.=parietal, O. = occipital, 


L. = left, R. =right. Reference = vertex. 


petit mal and petit mal variants by the 
fact that the abnormalities are asyn- 
chronous (Fig. 6). 

In evaluation of the EEG, the extent 
to which the spikes occurred syncro- 
neously was investigated and the number 
expressed as a percentage of the total 
number of spikes per minute. Out of 
the 19 cases of typical hypsarrhythmia 
synchronization of 4-18 per cent was 
found in 15 cases and from 20-30 per 
cent in the remaining four cases. Out 
©’ these four cases with a more frequent 
incidence of synchronous spikes, two 
Cid not differ with respect to seizures 
fiom the 15 cases with a slight tendency 
io synchronization while in the other two 
Cses, in addition to attacks of infantile 
s5asms, attacks of grand mal were present 
': one case, and in the other akinetic 

tacks were observed. 


Clinically typical cases of infantile 
spasms are not always accompanied by 
the characteristic changes just described 
as five of 24 cases (20 per cent) of the cli- 
nically typical cases showed doubtful 
EEG findings. Similar observations are 
found in the literature (10). It is also stated 
that the EEG may be normal and that 
this is prognostically a favourable sign 
(11). The six cases which were considered 
doubtful on clinical grounds were all aty- 
pical electroencephalographically. 


Pathological Anatomy 


In four of the cases in this material 
post-mortem examination of the brain 
was performed and this revealed a fairly 
uniform picture. Macroscopically, cortical 
and ventricular atrophy was found and 
two cases also presented a cyst in the 
left hemisphere (Fig. 7). Microscopic ex- 
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Fig. 7. Cyst in the left temporal lobe in the same patient as in Figure 8. 
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Fig. 8. Cerebral cortex from a boy with hypsarrhythmia who died at the age of 2 years. Disorgani7 - 
tion of the cerebral cortex with marked glial proliferation and porencephaly with glial trabeculi a: ey 
macrophages are present. (HE * 38). 
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TABLE 2. Results of ACTH therapy and other treatment. 


Results of ACTH therapy 


Results of other drugs 


Clinical effect 7 cases 


Effect on EEG only 3 cases 


No effect 12 cases 
Total 22 cases 


No effect 5 cases 
Effect on EEG only 1 case 
No effect 2 cases 


{ Clinical effect 2 cases 


Clinical effect 3 cases 
No effect 9 cases 


amination did not reveal any signs of 
dysplasia but showed diffuse extensive 
cortical and 
and destructive processes which 


subcortical degenerative 
were 
partly recent with accumulation of mac- 
rophages, and partly older as shown 
hy sears with marked glial proliferation. 
In two cases, the destructive processes 
were so pronounced that a state of por- 
encephaly might be said to exist (Fig. 
8). Normal 
the brain stem (Erna Christensen). We 


conditions were present in 


have only been able to find reports of 
three cases of post-mortem examination 
of the brain in the literature. In one case, 
atrophy of the cerebellum was found, in 
the second adhesions of the meninges 
(Finkelstein 1938 (6)), while in the third 
case (Bamberger & Matthes (1)) micro- 
gyria was present. None of these reports, 
however, included a description of the 
microscopic examination of the cortex. 


Treatment with ACTH 


As a rule acton prolongatum (long 
acting ACTH) in doses of 5-10 units/day 
was administered for 3-4 weeks and this 
course was repeated once or twice if no 
effect was observed. In some cases, Meti- 
erten or Delcortin were employed in- 


stead in a dosage of up to 10 mg daily for 
up to two months. As a rule phenobar- 
bital (luminal), mysoline (primidone) or 
diphenylhydantoin (dilantin) were admi- 
nistered simultaneously. 

In isolated cases, treatment with ACTH 
produced a dramatic effect as the attacks 
ceased in the course of a few days and the 
EEG became normal. As regards the ef- 
fect upon the mental state of the chil- 
the 
observed that the children became more 


dren, present authors and others 


alert and easier to contact but in no 
case was the mental progress so marked 
that the intelligence could be termed 
It should be noted that no ef- 


fect was observed upon the attacks in 


normal. 


three cases (all of whom were treated 2-4 
months after the commencement of the 
disease) in whom it was difficult to state 
with certainty that mental deficiency was 
present. 

As appears from Table 2, 22 children 
were treated with ACTH and in seven of 
these (32 per cent) there was a definite 
clinical effect, i.e. the attacks ceased or 
diminished considerably in number and 
severity. Stamps ef al. (15) describing a 
series of 60 patients with hypsarrhythmia 
found a clinical effect in 30 per cent, with 
ACTH therapy. In three other cases (14 
per cent) an effect was observed in the 
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TABLE 3. Relation between interval of time from first attack until ACTH therapy 
and effect of treatment. 


Time between first Number of Clinical Effect on No 
attack and ACTH children effect EEG only effect 
More than 6 months 7 0 0 7 
Six months or less 15 <f : 5 
Total 22 q 3 12 


TABLE 4. Relation between the effect of ACTH and the psychomotor 
development prior to the attacks. 


Number of Clinical Effect on No 

children effect EEG only effect 
Development normal until first attack 5 3 2 0 
Development not normal before first attack 14 2 l 1] 
Developmental history undertain é 2 0 l 
Total 22 7 3 12 


EEG only and in 12 cases (54 per cent) 
neither clinical nor electroencephalogra- 
phic effects were observed. It appears 
further from the table that some effect 
was obtained with other drugs. In a num- 
ber of these cases, spontaneous remission 
vannot be excluded as the improvement 
occurred late in the course of the disease. 
The children treated with ACTH were ob- 
served from 3-18 months. 

It is important to emphasize that 
ACTH can only be expected to exert an 


effect if the treatment is instituted earl) 
in the course of the disease. This is ap- 
parent from Table 3. There appears to be 
unanimity in the literature on this point. 
Further, it appears that children who 


were normal, both mentally and in their 


motor development, prior to the develop- 
ment of the attacks react better to ACTH 
than children who were already backward 
before the first attack (Table 4). This 0)- 
servation has also been made by other 
authors (4, 14). 


TABLE 5. Effect of ACTH on the EEG. 


EEG after ACTH therapy 


Generalized 
Epileptogenic paroxys::al 
EEG before treatment Total Unchanged Normalized focus activit 
Typical hypsarrhythmia 12 7 4 0 ] 
Doubtful hypsarrhythmia 3) 2 1 1 ] 
Not hypsarrhythmia 5 1 3 i 0 
Total 22 10 8 2 2 
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The effect of ACTH upon the EEG is 
shown in Table 5. The EEG became normal 
in four out of the 12 children who showed 
changes typical of hypsarrhythmia. In 
two of these cases synchronization of 
spikes of 4-9 per cent was found and in 
two it was over 20 per cent. These four 
patients all received ACTH within the 
first six months after the commencement 
of the disease. Out of the seven unchanged 
cases in all of whom synchronization of 
the spikes was under 18 per cent, four were 
treated within the first six months while 
three were treated after the first six months. 
The material is, however, too small to 
draw conclusions as regards this finding. 
In one case, the hypsarrhythmia disap- 
peared and an epileptic focus developed, 
and in two cases generalized paroxysmal 
activity developed. 

In our cases neitherthe histories nor the 
pathological findings provide any evidence 
of inflammatory processes in the etiology 
of infantile spasms. Nothing is as yet 
known concerning the mode of action of 
ACTH in the cases presented; possibly 
ACTH interferes with an active process 
of autoimmunizing nature. To achieve 
effects 
treatment is essential. 


favourable early institution of 
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Summary 

An account is given of 30 cases of in- 
fantile spasms, a frequent form of epi- 
lepsy in infancy, characterized by isolated 
contractions in the extremities, trunk and 
head 
free 
daily. Electroencephalographically, a typi- 
cal picture is found (Hypsarrhythmia, 
Gibbs) in 80 per cent of the cases. 


occurring repetitively with brief 


intervals and in numerous series 


In our series air encephalography showed 
atrophy both of cortical and ventricular 
origin which was progressive in some of the 
of the 


brain (four cases) revealed pronounced 


cases. Post-mortem examination 
cortical and subcortical degenerative chan- 
ges with marked glial proliferation. 
Twenty two of the patients were treated 
with ACTH. 
finite clinical effect in the form of reduc- 
tion or cessation of the attacks but no 


In seven (32 per cent) de- 


definite effect upon the mental state oc- 
curred and in four patients, in addition, 
normalization of the EEG took place. In 
three cases (14 per cent) an effect upon 
the EEG alone was found and 12 patients 
(54 per cent) showed neither clinical nor 
electroencephalographic improvement. The 
possibility that the condition may be due 
to a cerebral auto-immunizing process is 


suggested. 
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Salmonella Enteritidis Infections in Infancy with Special Reference 
to a Small Nosocomial Epidemic 


by TOV OMLAND and ODD GARDBORG 


Salmonella infections in infancy and es- 
pecially in the newborn often present a 
very serious clinical picture, in many cases 
entirely different from the one observed 
in older individuals. Salmonella types 
which ordinarily cause only acute gas- 
troenteritis in older children and adults, 
may in infants cause septicemic infec- 
tions with a very high mortality. In this 
connection Salmonella meningitis ought 
to be emphasized. According to Watson 
(15) more than 80 per cent of the cases are 
found in infants, notably in the newborn. 

Salmonella meningitis was first descri- 
hed by Ghon in 1908 (4). The infection 
was caused by Salmonella paratyphi B. 
Later numerous reports have appeared 
in the literature and a variety of Salmo- 
nella types have been demonstrated as 
causative agents, the most frequent ones 
being S. enteritidis, S. paratyphi B, S. ha- 
vaaa, 8S. panama and 8. typhi-murium (15). 


sahrenburg & Ecker (2) in 1937, de- 
scribed a case of Salmonella paratyphi B 
moningitis, a 7-week-old infant, who died 
12 hours after admission to hospital. The 
ai hors further reviewed 34 cases of Sal- 
monella meningitis from the literature, 31 of 
wich ended fatally. Serological typings had 
be n performed in 19 of the cases with the 
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following results: 12 cases were due to S. 
enteritidis and 6 cases due to “‘S. paratyphi’’. 
In one case the typing was inconclusive. 

Guthrie & Montgomery (6) in 1939, re- 
ported 27 cases of Salmonellosis in infants 
and children caused by S. enteritidis and 1 
case caused by 8S. dublin. The patients were 
from 36 hours to 2 years of age with one ex- 
ception, a 13-year-old child. There were 16 
deaths, 15 among infants in the neonatal 
period and one in a 9-month-old child. The 
clinical picture was characterized by vom- 
iting, diarrhoea, convulsions and coma, 
and the infection often ended fatally after a 
few days. The patients who recovered had 
gastroenteritis without signs of parenteral 
affection. The authors emphasized the triad; 
enteritis, cholecystitis and meningitis. At 
autopsy an enteritis localized to the small 
intestine was demonstrated in all cases. 
Meningitis was found in 12, purulent chole- 
cystitis in 4 and moderate signs of chole- 
cystitis in a further 8 of the fatal cases. 

The extremely poor prognosis in Salmo- 
nella meningitis is also clearly shown in 
other described epidemics from obstetric 
and pediatric hospitals (3, 8, 15). 

In his excellent review Henderson (7) in 
1948, collected 144 cases of Salmonella 
meningitis from the literature and descri- 
bed a further 3 cases, all infants. The in- 
fections were caused by S. newport, 5%. 
typhi-murium and S. panama respectively. 
Levinson et al. (11) in 1950, reported 2 
cases of meningitis due to 8S. typhi-murium 
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and collected a total of 153 cases from the 
literature. Smith (13) in 1954, described 6 
cases of Salmonella meningitis in infancy 
and further cases from the 
recent Anglo-saxon literature. Out of these 
16 cases, all treated with antibiotics, 9 
and this represents a great im- 
provement as compared to the nearly 100 
per cent mortality in the pre-antibiotic era. 
The author stressed the need of prolonged 
treatment because of the risk of relapses. 
Andrischock (1) in 1954, reported a fatal 
case of meningitis due to 8. paratyphi B in 
an infant. Agglutinins were found in the 
patient’s blood in spite of their absence in 
the mother’s. The author discussed the the- 
oretical significance of this finding. 

Leeder (10) in 1955, described an epi- 
demic caused by 8. panama occurring in an 
obstetrical clinic. The epidemic appeared in 
1943-44 and due to unfavourable circum- 
stances (war etc.) it lasted for 9 
before it was finally checked. The causative 
organism was isolated from a total of 138 


reviewed 10 


recovered, 


months 


persons and among these were 20 newborn 
infants. Eighteen patients died from Sal- 
monella meningitis and with one exception 
they all were less than 7 months of age and 
13 patients were less than 21 days old. The 
clinical picture was characterized by diar- 
rhoea, vomiting, fever, convulsions, opistho- 
tonus, rigidity and coma. Four patients had 
an exanthem similar to the one seen in 
typhoid fever. 

Szanton (14) in 1957, reported an epi- 
demic of Salmonellosis caused by S. oranien- 
burg, involving 46 newborn infants and 34 
older individuals. One of the infants died, 7 
were acutely ill, 33 had grossly abnormal 
stools and 5 had asymptomatic infections 
which were diagnosed by positive stool 
cultures alone. The epidemic thus had a far 
less severe character than usual in the new- 
born, probably because the prognosis de- 
pends on the type of Salmonella. The author 
stressed the fact that the carrier state is 
prolonged in the infant to a greater degree 
than in carriers of older age and emphasized 
the failure of the antibiotic therapy to clear 


the carrier state. 
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Watson (15) in 1958 described 4 furth« 
cases of Salmonella meningitis and collect« 
a total of 151 cases reported up to that tim 
in the medical literature. 


Own Investigations 


Epidemiological: In the period from 
October 31 to December 15 1958 Salmo- 
nella enteritidis (1, 9, 12:g, m:—) was iso 
lated from 11 persons in an epidemic ori- 
ginating in the obstetrical department of 
a Norwegian provincial hospital. Four 
persons, 1 newborn infant and 3 adults, 
had no clinical signs or symptoms, the 
remaining 7 developed more or less severe 
clinical pictures. One patient, a newborn 
infant, had meningitis, another patient, a 
parturient woman, had an uncharacteristic 
febrile illness, the remaining 5 patients 
all had gastroenteritis. Two out of the 
three affected newborn infants died, one 
from meningitis, the other from gastro- 
enteritis. In the parturient woman men- 
tioned, who had an uncharacteristic febrile 
illness, agglutinins were demonstrated in 
the blood (H-titre 1:5160, O-titre 1: 160). 

Out of the 7 patients 4 (Case 1, 2,3 & 4) 


contracted the disease during or in clos: 
association with hospitalization in the 
obstetrical department mentioned, t! 
other 3 (F 1, 2 & 3 ,Table 2) were fami 
contacts. 


Among the 4 healthy carriers there we: 
2 midwives (MI & M2, Table 2) workin: 
in the hospital. The first midwife (M 
from whom S. enteritidis was isolated al- 
had agglutinins in her blood (H-tit 
1:1280, O-agglutinins not demonstrab! 
In the second midwife (M2) only traces 
agglutinins were found (H-titre 1:40. ‘ 
agglutinins not demonstrable). Of 
remaining 2 carriers one was a hursemi 
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TABLE 1. Distribution of cases of S. enteritidis infections according to symptoms and age 
groups. Number of deaths indicated by brackets. 


Older 
Newborn children Adults Totals 
Manifest disease Meningitis 1 (1) 0 1 (1) 
Gastroenteritis 2 (1) 2 (0) 1 (0) 5 (1) 
as sole symptom 
Uncharacteristic 0 0 1 (0) 1 (0) 
symptoms 
No manifest disease 1 0 3 4 
Totals 4 (2) 2 (0) 5 (0) 11 (2) 


A second probable case (F4, Table 2) has not been included in this table due to lack of bacterio- 


logical verification. 


TABLE 2. Chart of nosocomial S. enteritidis epidemic. 


Case 1, 2 & 3, newborns; Case 4, adult; F1, 2, 3, 4 & 5, family contacts of Case 2; 


M1 & 2 midwives; 


F 6, newborn adopted by midwife M2. 


+ period with pos.stool samples; + 


single pos.stool sample; — neg.stool sample; 


s manifest disease. 


1958 1959 
1. Nov. 1. Feb. 1. April 

Case s+ mors 
Case 2 s+ mors 
F 
F 2 
KF 3 s+ 
s— 
+ -- 
Case 3 $+ —-~----- — 
Case 4 s+ —------ — 
M1 
M2 
(5, Table 2) in one of the infected fami- poor antibody producers (1). However, 


lies, and one (F6, Table 2) was an infant 
horn in the same department and soon 
a'terwards adopted by the midwife M2. 

In the 
covered (Case 3, Table 2) antibodies 
\ demonstrated in the blood (H-titre 
|. 2560, O-agglutinins not demonstrable). 


| uis fact is interesting in view of the esta- 


only newborn infant who 


| shed opinion that young infants are 


no blood sample could be obtained from 
the mother of this infant. 


Bacteriological: The technique employed 
in the bacteriological screening of the stool 
samples both from the personnel, the con- 
tacts, and the patients consisted of culturing 
on a modification (meat extract instead of 
placenta extract) of Drigalski agar (9) to 
which had been added saccharose. The cul- 
ture was made directly on this medium and 
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TABLE 3. Biochemical reactions of S. cnteritidis strains. 


Lactose 

Mannitol 

Maltose 

Glucose 

Saccharose 

Gas formation on 
carbohydrate media 


Gelatine liquefaction a 
Indole formation = 
Methyl red reaction ee 
Voges Prosk. reaction = 
Citrate utilization + 
Urease formation = 
Hydrogen sulph. formation + 


after passage through an enriched medium, 
Kauffmann’s tetrathionate-bile-brilliant- 
green broth (9). Suspected colonies were exa- 
mined biochemically and serologically. All 
strains labelled as 8S. enteritidis displayed 
biochemical reactions in conformance with 
Table 3 above. 

The strains further demonstrated a vivid 
motility and all presented the microscopic 
with 
The 
slide 
agglutinations with type factor sera from 
Behringwerke. All strains showed the anti- 


picture of Gram-negative short rods 
a tendency towards chain formation. 
serological typing was performed as 


genic formula 1, 9, 12:g, m:—. 


The distribution of positive and nega- 
tive samples is seen from Table 2. The num- 
ber of negative samples in the final series 
is indicated with a—for each such sample. 
It is seen that some of the patients and the 
carriers show too few negative results to 
be considered cleared of the carrier state. 
This is especially so as regards the family 
contacts where the line of communication 
with the persons involved has been indi- 
rect, through the local health officer. In 
the case of the healthy infant carrier (F6) 
an especially long carrier state is noted 
and an adequate final negative series is 
still lacking. 

A personnel of 36 has been screened 
bacteriologically for Salmonella in the 
stools during the epidemic. It was con- 
sidered desirable to examine a series of 3 
consecutive samples from each member of 


the staff. On account of rotation ete. onl) 
2 samples were received from part of the 
personnel and from 4 persons only | 
sample was obtained. The 2 midwives 
mentioned are exceptions as they were 
found to be positive and therefore had to 
be followed for a longer period. 

Case histories: As part of the purpose of 
this article has been to discuss the prob- 
lem of Salmonella enteritidis infections in 


) 


the newborn, the case histories of the 3 
infants attacked are presented below. 
They were all born in the above mentioned 
obstetrical department during the epi- 
demic. 


Case I: A full-term female infant (born on 
October 21 1958) whose birth weight was 
3100 g, was admitted to the Childrens’ Hospi- 
tal, University of Oslo, 9 days old. Pre; 
nancy and delivery had been normal. The pa- 
tient appeared weak after birth and jaundice 
was noted at 24 hours of age. She was dischar- 
ged from the obstetrical ward at 6 days of age. 
A few hours later she developed a fever wit! 
elevation of body temperature to 38°C. 5! 
was examined by a physician who found + 
pharyngitis and administered penicillin. Duv- 
ing the following days the patient had repe* 
ted generalized convulsive seizures with u 
consciousness and difficulty in breathin; 
The abdomen gradually became distend¢ 
but the stools remained solid. 

On admission the patient was in a critic 
condition with pronounced signs of dehydi 
tion. The rectal temperature was 40,7"! 
pulse rate 200 and respiratory rate 100 | 
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minute. The fontanels were depressed and no 
rigidity of the neck was present. The ab- 
domen was distended, but peristalsis could 
be heard. The liver and spleen were not en- 
larged. 

Soon after admission the patient had 
severe generalized convulsive seizure with 
unconsciousness, cyanosis and nystagmus. 
Luminal was administered without effect. 
Spinal puncture yielded some drops of thick, 
purulent spinal fluid with traces of blood. 
During the puncture apnoea occurred with 
increasing cyanosis. Oxygen treatment and 
artificial respiration proved futile and death 
ensued. 

Examination of the spinal fluid showed 
numerous polymorphonuclear leucocytes and 
a few Gram-negative rods. Bacteriological 
examination of the spinal fluid yielded 
growth of S. enteritidis. Further laboratory 
examinations could not be performed. The 
Salmonella strain isolated proved sensitive 
in vitro to sulphonamides, streptomycin, 
chloramphenicol, the tetracyclines and neo- 
mycin, but was resistant to penicillin. 

Necropsy findings: The brain surface was 
edematous and covered with a heavy layer 
of greenish, fibrinopurulent exudate. Micro- 
scopically the leptomeninges were infiltrated 
with granulocytes. Thrombosed blood vessels 
were seen in several locations. In the base of 
the left temporal region a brownish disco- 
loured, partly necrotic area was found, con- 
tinuing from the surface in the shape of a 
wedge into the temporal horn of the lateral 
ventricle. In the other organs no definite 
pathological findings were seen. The _ in- 
testines appeared somewhat dilated, but the 
mucosa everywhere had a normal appearance. 
Bacteriological examination of pus from the 
surface of the brain yielded a pure culture of 
S. enteritidis. 

Case 2: A full-term male infant, born on 
Cctober 28 1958 in the same hospital as the 
to first cases, was readmitted at 10 days of 
ace to the hospital for gastroenteritis. His 
berth weight was 3600 g. Pregnancy and 
colivery had been normal. Jaundice was 
n ted at 36 hours of age. 

The patient thrived well the first days of 


life. On discharge from the obstetrical ward 
6 days old his weight had been 3520 g. The 
first signs of illness appeared in the form of 
vomiting and diarrhoea with fluid, greenish 
stools at the age of 7 days. On admission the 
patient was severely ill with a toxic ap- 
pearance, dyspnoea, dehydration and _ pro- 
nounced jaundice. Body temperature was 
normal. The abdomen was not distended and 
peristalsis could be heard. Liver and spleen 
were not enlarged. The spinal fluid contained 
no cells and yielded no growth on bacterio- 
logical examination. Radiographs of the 
chest and abdomen showed nothing of note. 
Bacteriolgical examination of stools 
yielded growth of S. enteritidis. 

Treatment consisted of intravenous fluid 
infusion including blood transfusion, and 
chloramphenicol per os. The condition, how- 
ever, worsened and the patient died on the 
day after admission. 

Case 3: A full-term female infant (born on 
November 4 1958) whose birth weight was 
3180 g, was admitted to the Childrens’ Hospi- 
tal, University of Oslo, at 17 days of age 
for gastroenteritis. This patient is an adopted 
child and the information is therefore some- 
what incomplete. She appeared quite healthy 
when she arrived in her adoptive parents’ 
home 10 days old. At the age of 16 days she 
developed diarrhoea with fluid, greenish 
and very evil-smelling stools. She refused 
to take food and became increasingly weak. 
Upon admission the following day the patient 
was in an extremely poor condition with 
a toxic appearance and pronounced signs 
of dehydration. The rectal temperature was 
37°C, the pulse rapid and barely palpable, the 
respiration laboured and deep. The abdomen 
was slightly distended and peristalsis could 
be heard. Liver and spleen were not en- 
larged. There were no signs of meningitis. 

The blood picture showed a polymorpho- 
nuclear leucocytosis with a total white 
blood cell count of 29,600. The plasma carbon 
dioxide content was 9 vol%, the serum 
chlorides 120 mEq/l, the blood urea 55.6 
mg/100 ml. The spinal fluid was clear with 
negative protein reactions and contained 
45/3 cells. A bacteriological examination of 
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the spinal fuid yielded no growth. S. enteri- 
tidis was isolated from the stools. The sensi- 
tivity pattern to antibiotics was identical 
to the one found in the strain isolated from 
Case 1. 

Treatment consisted of fluids intrave- 
nously, penicillin and streptomycin parenter- 
ally and neomycin per os. A few days later, 
when the final result of the bacteriological 
examination was available, streptomycin 
was exchanged for chloramphenicol per os. 
The patient received intravenous fluids in- 
cluding blood transfusions for 5 days. During 
this treatment her condition improved 
rapidly and after a few days fluid could be 
given per os. The diarrhoea gradually im- 
proved and ceased after one week. The anti- 
biotic treatment could be discontinued after 
2 weeks. The patient’s condition later on was 
satisfactory, but it proved difficult to clear 
her of the carrier state. She was therefore 
given another intensive 3 weeks’ treatment 
with chloramphenicol and penicillin. Cul- 
tures of the stools thereafter became nega- 
tive for Salmonella. 

The patient was discharged after 10 weeks’ 
hospitalization. She was then completely re- 
covered and in an excellent general condition. 
Antibodies against S. enteritidis could be 
demonstrated in her serum after 3 weeks 
of illness (H-titre 1:2560, O-agglutinins not 
demonstrable). 


Comment 


From the accumulated facts nothing 
definite can be said as to how the causa- 
tive organism had been introduced into 
the hospital. Theoretically the alterna- 
tives of introduction by drinking water, 
food, a human carrier or a patient with a- 
subclinical infection are equally probable. 
Gray & Harvey (5) in 1955, described a 
Salmonella epidemic in a residential nur- 
sery where the infection had been con- 
veyed in the milk from a neighbouring 
farm. 


After having discussed the problems 
with the local public health officer, and 
especially after having ascertained thx 
absence of known S. enteritidis infections 
in the community, it seems reasonable ti 
suspect a human carrier. This might be 
either one of the parturient women ad- 
mitted to the birth clinic or one of the 
personnel. In this connection it should b: 
noted that the first midwife, apart from 
being a carrier, also showed a consider- 
able agglutinin titre in her blood (H- 
titre 1:1280, O-agglutinins not demon- 
strable). She had, however, reportedly 
not been ill for any period associated with 
this epidemic, and the first stool speci- 
men positive for Salmonella was found 
nearly 1 month after the epidemic started. 
The fact that the incidence of lasting 
carrier states in adults is low in enteric 
Salmonella infections should be kept in 
mind. 

The mode of spread of the infective 
agent once introduced into the hospital! 
can also only provide a basis for specula- 
tion. It must, however, be evident that the 
personnel and the practical standard of 
hygiene within the department must be 
decisive factors in the secondary spread. 
As one hardly can eliminate the poss’ 
bility of introduction of Salmonellae or 
related organisms into a _ hospital—in 
this case an obstetrical department- 
carried for example with a patient, tl 
consequence must be to aim at a fault 
less hygienic standard. When an epidem! 
like the one here reported is already 
fact, the most drastic measures must | 
resorted to, and the complete closu 
of the institution may be fully justific 
(10). 

In the small nosocomial epidemic d 
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scribed here 2 of the 3 affected newborn 
infants died from their infection and this 
fact underlines the seriousness of Salmo- 
nellosis in this age group. The most charac- 
teristic feature of these infections in in- 
faney and particularly in the newborn is the 
great invasive capacity of the causative 
organism. Septicemic syndromes are com- 
mon, often resulting in the development 
of purulent meningitis with a rapidly fatal 


course. 
Although Salmonella meningitis seems 
to occur with a low frequency — only 


about 150 cases reported in the medical 
literature—the fulminant clinical picture 
and extremely high mortality emphasize 
its clinical and epidemiological impor- 
tance. The disease is far more common in 
infancy and especially in the newborn than 
in other age groups. Watson (15) found 
that out of 138 cases 55 were newborn, 
a further 31 were under 3 months and an 
additional 26 under 1 year of age. The 
prognosis was found to be grave in all age 
groups and particularly in the neonatal 
period. In the age group from 0 to 30 
days the author found 63 deaths out of a 
total of 67 cases. This corresponds to a 
mortality of 94 per cent. In children up to 
| year of age the mortality was 91 per 
ent and in children over 1 year 70 per 
cent. 

The first patient in the present series is 
a typical example of a grave Salmonella 


ifeetion in a newborn infant with puru- 


nt meningitis and a fatal course. The 
ither uncharacteristic clinical picture 
ithout signs of enteritis or meningitis 
‘monstrates the diagnostic difficulties. 
‘his fact is of particular significance in a 
sease where early diagnosis and ade- 
iate therapy are of decisive importance. 


At present it is difficult to judge to 
what extent the introduction of newer 
antibiotics and chemotherapeutics has 
improved the prognosis in Salmonella 
meningitis. Levinson et al. (11) have col- 
lected a total of 128 cases from the litera- 
ture prior to 1938. Of these patients only 
8 recovered. From the period after the in- 
troduction of sulfonamides and later of the 
antibiotics the authors have collected 25 
cases and of these 12 recovered. The im- 
proved prognosis after the introduction of 
newer chemotherapeutics and antibiotics 
has also been stressed by Smith (13). 
Recovery has been described after treat- 
ment with sulfonamides, streptomycin, 
aureomycin and chloramphenicol used 
alone or in various combinations. The 
prognosis probably also depends on the 
type of Salmonella with the highest mor- 
tality in infections caused by S. enteritidis, 
S. typhi-murium and S. havana (15). 

The feature that Salmonella infections so 
often display a severe course in infancy 
must be ascribed to the generally decrea- 
sed resistance against infections and poor 
capacity of antibody production seen in 
this age group. The intestinal mucosa is 
supposed to be highly permeable and 
to possess only slight resistance to micro- 
bial invasion. This may explain why new- 
born infants often develop septicemia in 
enteric infections with Salmonella types 
which elicit otherwise only gastroenteritis. 
On the other hand, it is remarkable that 
newborn infants may be infected with, and 
can harbour, pathogenic Salmonella types 
without any signs or symptoms of disease. 
In the present series S. enteritidis has 
been repeatedly isolated from the stools of 
a newborn infant (F6, Table 2) who has 
been perfectly healthy the whole time. 
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Consequently it must be assumed that in 
this age goup there also exists a consider- 
able individual variation in the degree of 
resistance, and it is probable that earlier 
Salmonella infections in the mother may 
be of significance. 


Summary 


An epidemic of Salmonella enteritidis 
infections is reported. The epidemic origi- 
nated in a maternity clinic during No- 
vember-December 1958. It involved 11 
persons including 4 healthy carriers and 
7 patients. Among the latter were 3 new- 
born infants, 2 of whom died. One of 
the deaths was caused by a septicemic 
condition with special localization to the 
meninges. The other was caused by a 


severe gastroenteritis with toxemia an 
dehydration. The infant who recovered 
also demonstrated a picture of grave ga 
stroenteritis. Treatment consisted of the 
administration of antibiotics and fluid 
parenterally. 

General comments are made on the 
clinical features of this type of infection 
stressing the significance of the low hos! 
resistance in the age group concerned and 
the diagnostic difficulties. The epidemio- 
logical and hygienic problems involved 
are also discussed with emphasis on the 
hygienic standard necessary within a hos- 
pital and the drastic measures which must 
be resorted to if infections of this kind 
penetrate the defense barrier of such in- 
stitutions. 
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Renal aspects of Acid-Base Control in the Newly-born 


II. The Organic Acids 


by E. ZWEYMULLER' 


Phosphates have been shown to account 
for a very small fraction of the titratable 
acidity of a newborn infant’s urine and 
most of the acidity is contributed by or- 
ganic acids (4, 12, 12a, 26). Some of the 
organic acids in the blood and urine of the 
healthy and of the sick child have been 
identified, but, until now, no attempt has 
been made to detect as many as possible 
of the organic acids which occur physio- 
logically in the blood and urine of newborn 
infants. For this reason an investigation 
has now been made, using paper chromato- 
graphy, of the organic acids in cord blood 
and in the urine of the foetus and of the 
child in the first eight days after birth. 
by identifying the organic acids it has 
heen possible to gain some insight into 
metabolism and connected phenomena, 
such as the function of certain enzymatic 


systems. 


Material and Methods 


Twenty-three specimens of urine, passed 
ing the first eight days of life, were 
udied. Collections covering 24 hours were 


’ Travelling fellow of the Bundesministerium 
r Unterricht, Osterreich. Present address: Uni- 
rsitats-Kinderklinik , Wien. 


always used. Urine was also collected from 
seven babies at the time of birth, this urine 
having been formed in utero. It was necessary 
to pool the foetal urine from all these babies 
in order to obtain enough material for ana- 
lysis by the standard procedure. Samples of 
cord blood from 12 infants were also in- 
vestigated; some of these infants were those 
whose urine was also studied. 

The urine was collected under toluene, 
filtered, and kept at —15°C. The amount 
taken for processing and chromatography 
was always such that it contained 2 mg of 
creatinine. This volume was handled as 
described by Nordmann and _ co-workers 
(14, 17). It was first passed through a column 
of a strongly basic anion exchanger {Dowex 
2 X, 200-400 mesh), which had been care- 
fully cleaned beforehand. The anions were 
dissolved out of the exchanger with 12-N for- 
mic acid (30 ml). The eluate was evaporated 
to dryness in a watch-glass with a hair-dryer 
at a temperature below 30°C. By regenerat- 
ing the column carefully it was possible to 
use it for at least five urines. 

The blood was centrifuged immediately 
and the serum stored at — 15°C. After thaw- 
ing, it was passed through an ultra filtration 
shell (Membranfiltergesellsch.—Sartorius A. 
G., Géttingen, Germany), using a suction pres- 
sure of about 600 mm Hg applied to the out- 
side. Then the membrane was washed several 
times with distilled water under the same 
pressure. The serum ultrafiltrate was treated 
as described by Nordmann and co-workers 
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(19). It was passed through a column of 
basic anion exchanger in the same way as 
the urine, which was eluted with 12-N 
formic acid and the eluate evaporated to 
dryness. The subsequent treatment of the 
eluate was the same for both urine and 
serum. 

The desiccated eluate was dissolved in 
0.1 ml of water and put on Whatman No. 1 
paper (46 cm x46 cm). Solvent A was a 
mixture by volume of 80 parts of absolute 
aleohol, 5 parts of ammonia (21.6%), 15 
parts of distilled water. The time of flow by 
the descending method ranged from 12 to 13 
hours at a room temperature of 19+1°C. 
The paper was hung up to dry for at least 5 
hours. Solvent system B consisted of 50 
parts of n-propyl alcohol, 50 of cineole 
and 20 of cone. formic acid to which distilled 
water was added drop by drop until the mix- 
ture became slightly turbid. This solvent 
system was left in a separating funnel for at 
least 24 hours at the temperature at which 
the paper chromatography was to be made. 
In this time the milky liquid separated 
into two layers, the upper of which was the 
solution used. The lower layer was thrown 
away. The time of flow ranged from 11 to 12 
hours, and subsequently the paper was 
dried at room temperature for 12 hours. 

The paper was developed with an alco- 
holic solution of brom-cresol green (0.1 %), 
to which N-sodium hydroxide had been added 
until the colour changed to blue. With this 
reagent the organic acids appeared as yellow 
spots on a blue to dark green background. 
These yellow spots did not fade in the course 
of time, but assumed a more vivid hue, while 
the background could at any time be dyed 
blue again by ammonia vapour. The acids 
were identified by their positions on the 
paper and by the more specific reagents 
listed by Nordmann and co-workers (13, 14, 
16, 18), The Ry values of the individual or- 
ganic acids are also given by Nordmann, 
R. et al. (18). 


Results 
Eighteen organic acids were identified 
in the urines. Two more were tentatively 
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Fig. 1. The position taken up by the identified and 
unidentified organic acids in the urine formed 
shortly before and in the first 8 days after birth. 
1. Citric acid. 2. Malie acid. 3. «-keto-glutaric 
acid. 4. Succinie acid. 5. Aconitic acid. 6, Fu- 
marie acid. 7. Adipic acid. 8. Glutaric acid. 
9. m-hydroxy-benzoic acid. 10. Hippuric acid. 
11. B-hydroxy-butyric acid. 12. Lactic acid. 
13. Glycolic acid. 14. Tartaric acid. 15. Urie acid. 
16. Oxalic and Phosphoric acid. 17. Pyrrolidone- 
carboxylicacid. 18. Phenylacetylglutamine. 19.m- 
hydroxy-hippurie acid. 20. p-hydroxypheny!] 
acetic acid and/or B-(m-hydroxyphenyl-) hydra 
erylic acid. 21. Unidentified spot (no coloration 
with sulphanilic acid-diazotate.) 22. Unidentified 
spot. 

The spot indicated by the broken circle be- 
tween 6 and 7 is not visible after spraying with 
brom-cresol green but gives a pink colour after 
spraying with n-dimethyl aminobenzaldehyde in 
acetic anhydride (Gaffney et al., 1954). 

A. Sulphuric acid. B. Hydrochloric acid. C. 
Nitric acid. 


identified and the acid responsible for tw: 
of the yellow spots is still unidentified. 
Fig. 1 gives the relative positions take: 
up by the identified and unidentified acid 
found in foetal and newborn urines. Den 
(6) emphasized the importance of show 
ing these relationships, and the Ry valu: 
have not been listed for the reasons give 
by Benson et al. (2) and Stark et al. (23). 
The largest spot was due to citric acic 
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it was impossible to separate citric from 
isocitric acid. The spot corresponding to 
these acids was elliptical, and their migra- 
tion in the acid solvent system was impe- 
ded by phosphate and oxalic acid. 

Malic acid was also represented and 
near it «-keto-glutaric acid, which showed 
a slight tailing. To the right of this acid, 
Fig. 1 indicates a group of three organic 
acids, glycolic and pyrrolidone carboxylic 
acids and phenyl acetyl glutamine. The 
last two acids were identified by the method 
of Rydon & Smith (21). 

Aconitic acid was also excreted. In its 
vicinity on the paper a group of four 
acids was identified: succinic, glutaric, 
adipic, and fumaric acids. The tailing of 
the glutaric acid is probably caused by the 
fact that this spot really consists of two 
almost overlapping spots. The upper spot 
corresponds to glutaric acid, while the 
lower section corresponds to a still un- 
identified acid, which Nordmann fre- 
quently found in the blood plasma of 
anuric patients. 

To the right of fumaric acid there was 
another spot which could not be assigned 
to any known acid. In solvent system A 
the Rp value of this acid was 0.44 and in 
solvent system B it was 0.89. According 
to Nordmann, who examined our chroma- 
tograms, this spot does not correspond to 
a free phenolic acid, as treatment of the 
avea with sulphanilic acid diazotate pro- 
cuced no coloration. 

Immediately above hippuric acid the 
wea taken up by m-hydroxybenzoic acid 
1. ay be seen and beside it there is a spot 
‘ hich assumed a violet colour with sul- 
| .anilic acid diazotate and, according 

Nordmann (15), probably was due to 
hydroxyphenyl-acetic acid or to -(m- 


hydroxyphenyl)-hydracrylic acid. Be- 
neath hippuric acid there is a spot which, 
like hippuric acid, assumed an orange 
colour with n-dimethyl aminobenzalde- 
hyde in acetic anhydride (8) and was 
probably due to m-hydroxyhippuric 
acid. The same reagent produced a rose 
coloration above and between fumaric and 
adipic acids. This area gave no coloration 
with brom-cresol green and the substance 
responsible has not been identified. 

The areas taken up by 6-hydroxybutyric 
acid and lactic acid partly overlap. Some 
of each of these two acids is lost in pre- 
paring the urine for investigation. 

Tartaric acid was, on occasions, found. 
Oxalic acid was represented as a band and 
frequently the spot of uric acid was dif- 
ficult to separate from it. Within the band 
of oxalic acid lie also the spots of phospho- 
ric and of sulphuric acids. As chlorides are 
also dissolved out of the exchanger there 
was always a distinct spot corresponding 
to hydrochloric acid as well as one due to 
sulphuric acid. 

Glucuronic acid has not yet been positi- 
vely identified, although Nordmann and 
co-workers (13, 14, 15, 18) found it in adult 


urines. 


Discussion 
(a) Acids of the citric acid cycle 

Before Nordmann’s work only citric, 
«-keto glutaric and succinic acids had 
been found in urine. Nordmann et al. (16) 
were the first to find three more acids 
belonging to the citric acid cycle in adult 
urine; these were fumaric, malic and aconi- 
tic acids. The last and succinic acid were 
not regularly found. The chromatogram of 
a test solution of these six organic acids 
shows (Fig. 2) that they are distinctly 
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a. b. 


Fig. 2a. Paper chromatogram of a test solution containing the acids of the citric acid cycle which 
are excreted in urine. Fig. 2b. Identification diagram of the acids of the citric acid cycle. The 
quantities used for the test were as follows: 1. Citric acid (70 ug). 2. Malic acid (70 ug). 3. «-ketoglutaric 


acid (100 yg). 4. Succinie acid (70 wg). 5. Aconitic acid (70 wg). 6. Fumaric acid (70 wg). A. Sulphuric 


acid (30 pg). 


Solvent A. Ethyl aleohol —- NH,—H,0. 

Solvent B. Propyl alcohol — Cineole HCOOH-H,0O. 
-Direction of the solvent run. 

The material is placed on the cross in the left hand corner. 


a. b. 


Fig. 3a. Paper chromatogram of foetal urine. Fig. 3b. Identification diagram of organic acids foun 
in foetal urine. The spots are numbered as in Fig. 1. 


Fig 
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Fig. 4a, Paper chromatogram of serum from cord blood. Fig. 4b. Identification diagram of organic 
acids found in serum from cord blood. The spots are numbered as in Fig. 1. 


a. b. 


Is. 5a, Paper chromatogram of urine passed on the 6th day of life. Fig. 5b. Identification diagram 
©’ organic acids found in urine passed on the 6th day of life. The spots are numbered as in Fig. 1. 
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definable, and all six have regularly been 
found in the urines passed before and soon 
after birth. The missing acids of the citric 
acid cycle, namely oxalacetic and oxal- 
succinic acids, are too unstable to be 
detected by the methods employed. These 
results indicate that acetylization and the 
citric acid cycle were in active operation 
before birth. Acetylization, which invol- 
ves the participation of co-enzyme A, had 
already been shown to take place before 
birth by Hanon et al. (10) in quite another 
context. 

The prominence of the spot due to 
citric acid is interesting in connection 
with the titratable acidity of the urine 
before and soon after birth. 


(b) Lactic acid 

Fig. 3 shows that a large spot cor- 
responding to the position taken up by 
lactic acid was found in the chromato- 
gram of foetal urine, and Fig. 4 that an 
identical spot was found in the chromato- 
gram of cord blood. This lactic acid may 
be attributed to the partial anaerobic 
metabolism in the foetus (1, 5, 11, 20, 22) 
or to muscular exertion on the part of the 
mother during labour, followed by passage 
of the lactic acid so formed through the 
placenta (3, 7, 27), or it may be partly of 
foetal and partly of maternal origin 
(25). Large spots, due to lactic acid, 
however, were also found in all the urines 
passed on the first and second days of 
life, when respiration had been fully 
established. By the fourth day the spot 
attributable to lactic acid had become less 
conspicuous and it had disappeared by 
the sixth day (see Fig. 5). 

Pyruvie acid was not detected but was 
probably present both in the serum and 


urine (9, 24). Owing to its unstable natur: 
this acid does not lend itself to identifica 
tion by paper chromatography (30). 


(c) General indications and comparisons 
with adults 

Differences in the regularity of oc 

currence of the acids in the citric acid 

cycle have already been mentioned. In 

adult urines Nordmann (15, 18) found 

that the aromatic acids predominated 


over the aliphatic ones, whereas the reverse 


has been the rule in this investigation. 
The explanation may be that the aromatic 
acids mostly originate in food, and parti- 
cularly in vegetables. In the present 
chromatograms, moreover, glutaric, adipic 
and hippuric acid were regularly found. 
Nordmann and co-workers (18) only oc- 
vasionally detected adipic and glutaric 
acid, but regularly found m-hydroxyben- 
zoic acid, pyrrolidone carboxylic acid 
and phenyl acetyl glutamine. In ac- 
cordance with the findings in adults, 
however, glycolic, and 
tartaric acids have only sometimes been 


found. 


Summary 


1. The organic acids in urine passe 
before and shortly after birth have been 
investigated by paper chromatography. 

2. Eighteen acids were identified; six «! 
them belonged to the citric acid cycle. 

3. Lactic acid was prominent before an‘! 
for a day or two after birth. It had becon 
inconspicuous by the sixth day. 

4. The aliphatic acids predominat« 
over the aromatic ones. The reverse hi: 
been found by others in the urines pass‘ 
by adults. 
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Studies on Human Lactation 


Relation Between the Dietary Intake of Lactating Women and the 


Chemical Composition of Milk with Regard to Principal and 


Certain Inorganic Constituents 


by M. G. KARMARKAR and C. V. RAMAKRISHNAN 


The quality of breast milk has long 
since been suspected to depend on the 
nutritional status of the lactating mother 
and several studies have been undertaken 
in the recent years to get more definite 
information on the relation between the 
dietary intake of the lactating mother 
and the composition of breast milk with 
regard to different constituents. 

It is well known that the diet of the 
lactating mother in underdeveloped coun- 
tries is generally deficient in regard to 
protein. The wide prevalence of Kwashi- 
orkor among children in such countries 
(caused by extreme degrees of protein 
deficiency) gives rise to the suspicion that 
the protein content of breast milk in such 


‘ases may be generally inadequate. How- 


foal 


‘ver, studies carried out on the relation 
between dietary protein and milk protein 
have been far from conclusive. While 
Deem, and Escudero & Pierangeli have 
rnorted a favourable effect of dietary 
p tein on the protein content of milk, no 
ration between the two has been found 
h» Hoobler, Kleiner, Tritsch & Graves, 
I. wicic, Gunther & Stainer, and Gopalan. 
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Similarly inconclusive findings have 
been reported with regard to the fat 
content of human milk. Deem, Ruzicic, 
and Escudero & Pierangeli have reported 
a favourable effect of dietary fat on the 
fat content of milk, while Kleiner, Tritsch 
& Graves, and Gunther & Stainer have 
found no relation between the two. 

Preliminary investigations carried out 
in this laboratory on the effects of the 
socioeconomic status of the lactating 
mother (which reflects the nutritional 
status of the mother) on the composition 
of milk are suggestive of a relation between 
these two variables (Karmarkar, Kapur, 
Deodhar & Ramakrishnan). 

The conflicting findings reported in the 
studies cited above underline the need 
for a more systematic approach to the 
problem. Studies were therefore under- 
taken in order to investigate more tho- 
roughly the relation between the dietary 
intake of the lactating mother and the 
composition of breast milk with regard 
to the principal constituents of human 
milk and the results are recorded in this 
paper. 


lia 
te 
yn - 
Dic 
in 
1S 
nd 
ig. 


600 


Experimental 


Materials and Methods. The subjects of this 
investigation were 60 lactating women of 
normal health living in and around Baroda 
and belonged to the lactation period of 3-4 


months. 


Collection of diet and its analysis for various 
constituents 

The whole day’s diet of the subjects was 
obtained by making collections of equal 
amounts of all the food stuffs consumed by 
the subject including snacks, beverages, and 
dietary supplements, if any, in the form of 
vitamins, minerals etc. 

For analysis of food, separate weighing 
was made of each food-stuff and all the food- 
stuffs then thoroughly mixed and homo- 
genised. A portion of the homogenised food 
was dried in an electric oven at 90°C for 12 
hours. 

To determine protein content of the dried 
food, the total nitrogen was estimated by 
the micro-Kjeldahl method and the value 
obtained multiplied by 6.25. 

The fat and carbohydrate contents of food 
were estimated according to the method of 
Banerjee & Biswas. 

A weighed amount of dried food was 
ashed in muffle furnace at 900°C for 12 
hours. The ash was dissolved in a few drops 
of concentrated hydrochloric acid and the 
volume made up to 50 ml with glass distilled 
water. This solution was used for the deter- 
mination of calcium, phosphorus and iron 
contents of food. The calcium content was 
determined according to the method of Shohl 
& Pedley, phosphorus content, according to 
that of Fiske & Subbarow, and iron content, 
according to that of Wong. 

The collection of food taken and the ana- 
lysis of same for the various constituents 
were carried out for three consecutive days 
for each subject and the average daily intake 
of the various constituents was therefrom 


estimated. 


Sampling of milk for analysis 
Samples for analysis were collected in all 
cases between two feeds at about 3 p.m. in 
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the afternoon by voluntary expression. Th 
samples were brought to the laboratory ir: 
thermosflasks containing ice powder ani 
immediately taken up for analysis. The sam) - 
ling was done on three consecutive days ani| 
the average value for the three samples was 
taken. 


Estimation of fat and lactose contents of mili: 


The fat and_ lactose 
were estimated according to the method of 
Chiba et al. 


contents of mill 


Estimation of protein content of milk 


The protein content of milk was deter- 
mined in the same way as that of diet except 
that the constant used for multiplying was 
6.38. 


Estimation of calcium, phosphorus and iron 
contents of milk 

1.0 ml of milk was ashed in muffle furnace 
at 900°C for 6 hours. The ash was dissolved 
in a few drops of concentrated hydrochloric 
acid and the volume was made up to 25.0) 
ml with glass distilled water. This solution 
was used for the estimations of calcium, 
phosphorus and iron contents of milk which 
were made according to the methods indi- 
cated for analysis of diet. 


Results 


To find out the relation between dietary 
protein and protein content of milk, the 
data were first classified into a frequency 
distribution with regard to dietary protei) 
and the median and the two quartiles 
determined for the distribution. (The fir-’ 
quartile was 34.3 g, the median, 42.8 
and the third quartile, 50.0 g.) The su 
jects were then divided into four grou; s 
according to the quartile range in whi: 1 
they fell. The mean protein content «i 
milk for the subjects in each group w 5 


then determined. 
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TABLE 1. Effect of dietary protein on the protein content of human milk. 


Classification of 


Number of 


Mean protein Mean protein content 


subjects subjects investigated intake per day g of milk g/100 ml 

Group 1. 

(Dietary protein 20.0 to 34.3 g) 15 26.650 + 1.3360 1.216+ 0.05151 
Group 2. 

(Dietary protein 34.3 to 42.8 g) 18 39.130 + 1.0960 1.394 + 0.05990 
Group 3. 

(Dietary protein 42.8 to 50.0 g) 12 46.890 + 1.4600 1.414 + 0.09420 
Group 4. 

(Dietary protein 50.0 to 75.0 g) 15 62.420+ 1.5640 1.475 + 0.07760 


TABLE 2. Effect of dietary fat on fat content of human milk. 


Classification of Number of 


Mean fat Mean fat content 


subjects subjects investigated intake per day g of milk g/100 ml 

Group 1. 

(Dietary fat 8.0 to 27.5 g) 16 18.360 + 1.5960 4.125 + 0.2352 
Group 2. 

(Dietary fat 27.5 to 50.0 g) 15 37.430 + 1.3310 4.300 + 0.1367 
Group 3. 

(Dietary fat 50.0 to 72.0 g) 16 60.540 + 1.6450 4.860 + 0.2530 
Group 4. 

(Dietary fat 72.0 to 115.0 g) Is 88.980 + 6.730 4.716 + 0.2766 


TABLE 3. Effect of dietary carbohydrate on the lactose content of human milk. 


Classification of Number of 


subjects 


subjects investigated 


Mean lactose content 
of milk g/100 ml 


Mean carbohydrate 
intake per day g 


Group 1. 
(Dietary carbohydrate 120.0 to 193.7g) 15 
Group 2. 
(Dietary carbohydrate 193.7 to 219.6g) 15 
Group 3. 
(Dietary carbohydrate 219.6 to 250.0g) 17 
Group 4. 
Dietary carbohydrate 250.0 to 381.0g) 13 


165.08 + 5.980 7.197 + 0.0903 


204.93 + 8.132 6.945 + 0.0665 
230.26 + 9.083 7.176 + 0.05852 


288.76 + 6.878 7.307 + 0.1552 


Table 1 shows the relation between die- 
ta-y protein and milk protein. 

"he data were again treated in a similar 
m:nner and the subjects classified into 
forr groups with regard to dietary fat 
ai 1 the mean fat content of milk deter- 


mined for each group. The results are 
shown in Table 2. 

A similar reanalysis of the data with 
regard to the carbohydrate content of 
diet and milk yielded results presented 
in Table 3. 
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TABLE 4. Effect of dietary calcium on the calcium content of human milk. 


Classification of Number of Mean calcium Mean calcium content 
subjects subjects investigated intake per day g of milk g/100 ml 


Group 1. 


(Dietary calcium 0.08 to 0.23 g) 17 0.1704 + 0.01435 0.02048 + 0.001414 
Group 2. 

(Dietary calcium 0.23 to 0.40 g) 13 0.3279 + 0.01526 0.02229 + 0.001235 
Group 3. 

(Dietary calcium 0.40 to 0.58 g) 14 0.4401 + 0.05383 0.02029 + 0.001475 
Group 4. 

(Dietary calcium 0.58 to 1.90 g) 15 1.1443 + 0.1386 0.02024 + 0.001231 


TABLE 5. Effect of dietary phosphorus on the phosphorus content of human milk. 


Classification of Number of Mean phosphorus Mean phosphorus content 
subjects subjects investigated intake per day g of milk g/100 ml 


Group 1. 


(Dietary phosphorus 0.34 to 0.75 g) 14 0.5813 + 0.03025 0.01137 + 0.001100 
Group 2. 

(Dietary phosphorus 0.75 to 0.92 g) 14 0.8205 + 0.015665 0.00989 + 0.001177 
Group 3. 

(Dietary phosphorus 0.92 to 1.12 g) 16 1.0140 + 0.02572 0.00929 + 0.00071 
Group 4. 

(Dietary phosphorus 1.12 to 1.90 g) 15 1.317 +0.0683 0.01177 + 0.001298 


TABLE 6. Effect of dietary iron on the iron content of human milk. 


Classification of Number of Mean iron Mean iron content 
subjects subjects investigated intake perdaymg — of milk mg/100 ml 


Group 1. 


(Dietary iron 8.0 to 14.0 mg) 8 11.000 + 0.2249 0.1928 + 0.01449 
Group 2. 

(Dietary iron 14.0 to 20.8 mg) 8 18.590 + 0.5607 0.1723 + 0.01630 
Group 3. 

(Dietary iron 20.8 to 28.0 mg) 8 24.210 + 1.132 0.2108 + 0.03577 
Group 4. 

(Dietary iron 28.0 to 40.0 mg) 8 33.230 + 1.581 0.1885 + 0.01736 

Tables 4, 5 and 6 show similarly the Discussion 
relation between dietary intake and the Table 1 shows a general increase 
constitution of milk with regard to cal- milk protein with dietary protein. T!.c 
cium, phosphorus and iron. product moment correlation between t! ¢ 

It must be pointed out here that the two was calculated (from the original dat) 
four groups in the different tables are not and found to be statistically significa .t 
identical and that the grouping is only (r = 0.3733). It is further observed th t 


with regard to the particular constituent the increase from Group 1 to Group 2 
dealt with. statistically significant (t = 2.253, p 
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0.05), while the increases beyond Group 2 
are not so. This suggests that increases in 
dietary protein up to a certain level may 
have a favourable effect on milk protein, 
increases beyond this level having no ef- 
fect. Such a suggestion appears to be 
capable of explaining the difference be- 
tween the results obtained in this study 
and those reported by Gopalan, Gunther 
& Stainer and others. For it must be 
noted that the daily dietary protein of 
subjects used in the present study ranged 
from 20 g to 75 g, while the range reported 
by Gopalan is 60 g to 114 g and that re- 
ported by Gunther & Stainer is 76 g to 
120 g. 

It is seen from Table 2 that the first 
three groups show progressive increases 
in milk fat with dietary fat, the increase 
from Group 1 to Group 3 being statistically 
significant (t = 2.128, p < 0.05). No differ- 
ence, however, is observed between Group 
3 and 4 with regard to the fat content of 
milk despite the considerably greater fat 
intake in Group 4. It would again appear 
that initial increases in fat intake are 
accompanied by increases in the fat content 
of milk and that this relation does not hold 
beyond a certain level of dietary fat. The 


product moment correlation between die- 
tary fat and milk fat (estimated from the 
original data) was found to be 0.7932. 

The data presented in Tables 3, 4, 5 & 6 
suggest, on the other hand, no consistent 
relation between dietary intake and the 
composition of milk with regard to carbo- 
hydrate, calcium, phosphorus and iron. 
The correlations between diet and milk 
contents were found to be negligible with 
regard to all these constituents. 


Summary 


The diet as well as the milk of 60 lactat- 
ing women were analysed for protein, fat, 
carbohydrate, calcium, phosphorus, and 
iron contents. A significant relation was 
found between dietary protein and milk 
protein, and between dietary fat and milk 
fat. 
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professor, M.D.) The Pediatric Department (Head: Roald Rinvik, M.D.) 


Staphylococcal Empyema in Infants 


by KNUT BIE and JENS STEEN 


An increase in hospital infections with 
penicillin-resistant staphylococci is ap- 
parent also in pediatric practice. In a 
maternity ward nearly 100 % of the new- 
born will have staphylococci in their nose, 
and the same strains can be isolated from 
about 50 % of the same infants six months 
after birth (5). In routine pediatric ad- 
mission coagulase positive staphylococci 
have been isolated from nasopharynx 
in about 85 % of the children (3, 10). It is 
not surprising that staphylococcic skin 
infections are seen frequently in pediatric 
practice; patients with more serious 
staphylococcic infections, as osteomyelitis, 
empyema pleurae and septicemia, are ad- 
mitted to the pediatric wards with in- 
creasing frequency. 

In the Pediatric Department and the 
urgical Department III, Ulleval Hospital, 
ve have from September 1957 to May 1959 
reated 8 patients with staphylococcal 
‘apyema pleurae. Six of the patients were 

tween 14 days and 4 months of age— 

d two were 21 and 23 months old. The sex 

tribution was 1 girl and 7 boys. 

The case histories are very similar. The 

ants had all been acutely ill for only few 

ys prior to the hospitalization, most of 

‘m with high temperatures, coughing and 

ns of respiratory distress. In none of the 


Seo 


Idren the diagnosis pleural empyema had 


en made prior to the admission. The source 
the staphylococcie infection is unknown in 


the oldest child. A 21-month-old boy had a 
baby brother with pyodermia, and the six 
other infants were born within the last 
months in a municipal hospital maternity 
ward, during a period with frequent staphylo- 
coceal infections in the newborn and their 
mothers (pyodermia and mastitis). 

The diagnosis was made clinically in the 
Pediatric Ward, and in all cases verified by 
X-ray examination, pleural puncture and 
bacteriologic examination of the pus. The 
diagnosis is definitely established when 
pathogenic staphylococcus aureus has been 
identified in culture from pleural fluid or 
from the blood. Positive cultures from naso- 
pharynx do not establish the diagnosis with 
certainty. The antibiogrammes and _ the 
results of fage-typing (in five patients) are 
shown in Table 1. 

The patients had a marked leucocytosis 
with white blood-counts up to 56,000 per 
cu.mm blood. A two-month-old boy how- 
ever—who had symptoms of his disease only 
the day prior to the admission had a leuco- 
cyte count of 4300 per cu.mm. 


The infants were extremely ill on ad- 
mission, and treatment with parenteral 
penicillin, and with erythromycin or 
chloromycin was immediately started and 
continued after the bacteriologic confirma- 
tion of the diagnosis. High doses of crystal- 
about 4 


line penicillin have been given 
million units per kg/24 hrs for up to four 
weeks. Erythromycin and chloramphenicol 
were used in conventional doses, erythro- 
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TABLE 1. Antibiogram and fage-typing of the staphylococci. 


Patient no. 1 2 3 4 5 6 v 8 
Penicillin 0 0 0 0 0 0 2 0 
Erythromycin ; 3 3 3 3 2 3 3 
Tetracyclin 0 0 0 0 0 3 3 3 
Streptomycin ¢ 0 0 i) 0 3 3 2 
Chloramphenicol 3 2 2 3 3 2 3 3 
Sulfa 0 0 0 0 0 2 3 0 
Fage-typing — 80 80 29/52 3/55/711 80 


mycin for up to five weeks, chlorampheni- 
col never for more than two weeks. As a 
supplement cathomycin andsulfamethoxy- 
pyridazin were used on three of the pa- 
tients. The first patient was treated in the 
Pediatric Ward with repeated pleural as- 
pirations—every second day for two weeks. 
Seven patients were temporarily trans- 
ferred to Surgical Department III where 
closed thoracotomy drainage was imme- 
diately instituted. The site for the thoraco- 
centesis will depend upon the localization 
and extent of the empyema. Occasionally 
more than one area must be drained. A 
trocar is selected through which a No. 
13-14 Nelaton catheter can be inserted. 
A small incision in the skin is made 1-2 cm 
below the intended penetration between 
the ribs, thus forming a flap to prevent air 
leak during the draining period (9). Ad- 
ditional openings should be made in the 
catheter before it is pushed through the 
lumen of the trocar and as far into the 
chest as desired. The catheter is removed 


as soon as the lung is expanded and the 
pus formation is negligible (Table 2). In 
our experience full expansion of the lung is 
not always immediately obtained, pro- 
bably due to excessive fibrin formation 
and partly due to air-leak that may occur 
after some days of drainage. Because of 
residual air in the pleural space, drainage 
in some of our patients was continued for 
more than three weeks, but expansion of 
the lung was not complete in two of the 
patients until several weeks after the 
drainage had been removed. Klassen (7) 
advises decortication of the lung in such 
cases, but in patients in this early age 
group a great tendency towards spon- 
taneous restitution can be expected,— 
major surgical intervention is rarely ne- 
cessary (1). We have not used fibrinolytic 
enzymes intrapleurally, partly because of 
‘ the expected reaction, and partly because 
of the risk of reopening a closed broncho- 
pleural fistula. Local instillation of anti- 
biotics has been done occasionally, and 


TABLE 2. Duration of treatment, fever and hospitalization. 


Drug Thoracic Stay 
treatment drainage in hospital 
No. of days (average) 38 19 16 49 
No. of days (range) 28-45 7-42 5-30 38-72 
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Fig. 1. Large pneumatoceles in a 3-month-old boy. 


mostly in order to clear the catheter with 
a penicillin solution when the pus has been 
too thick to flow freely. 

All of our 8 patients recovered com- 
pletely from their disease. The pathologi- 
‘al changes in the lungs disappeared 
‘radually from the roentgenogrammes in 
he course of 24-6 months. 

The mortality rate of staphylococcal 
yneumonia before the antibiotics was 
igh, and near 100 % in infants below 4 
nonths of age (6). After the introduction 


of antibiotics the mortality rate has been 
considerably reduced, but remains rela- 
tively high in early infancy. Pryles (8) 
reports an overall mortality of 37.5% 
among 24 children with staphylococcal 
pneumonia, and approximately 90% of 
the deaths occurred in patients less than 4 
months of age. Wallman (11) reports a 
mortality rate of 23% in a series of 39 
children. Harlem (4) has two deaths in 7 
children with staphylococcal pneumonia. 

Closed thoracotomy drainage in treat- 
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ment of the empyema has been used 
routinely in Surgical Department III, 
Ulleval Hospital since 1935, and the im- 
portance of this treatment has been pointed 
out by others (1, 2). 

Staphylococcal pneumonia is known for 
its tendency to formation of multiple lung 
abscesses around small bronchi in the 
periphery of the lung. These necrotizing 
foci—not visible on the roentgenogrammes 
—may give rise to a_broncho-pleural 
fistula and pyopneumothorax. A tension 
pneumothorax may develop with shift of 
the mediastinum toward the opposite side, 
and provoke a dangerous increase of the 
respiratory difficulties. Immediate treat- 
ment with closed drainage of the chest 
will give dramatic relief of the acute symp- 
toms, as the lung will partly or fully re- 
expand, and the mediastinum will return 
to its normal position (2). Repeated simple 
aspirations from the affected pleura are 
usually not entirely successful and will 


often give only transient relief. Multiple 
pneumatoceles in the roentgenogrammes 
are characteristic for staphylococcal pneu- 
monia (Fig. 1). These emphysematous 
bullae appear rather large, but do not as a 
rule require any special treatment, as they 
usually disappear spontaneously within 
four to eight weeks. 


Summary 

Eight patients from 14 days to 23 
months of age have been treated for 
staphylococcal empyema with no deaths. 
The diagnosis has been verified bacterio- 
logically after thoracocentesis in all cases. 
Early treatment with high doses of peni- 
cillin and erythromycin or chloramphenicol 
was instituted. Close cooperation between 
the pediatrician and the surgeon should 
be maintained, and the importance of 
prompt institution of closed thoracotomy 
drainage for acute tension pyopneumotho- 


rax is stressed. 
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From the Paediatric Clinic of the University of Amsterdam (Head: 
Prof. S. van Creveld, M.D.) 


The Renal Tubular Reabsorption of Inorganic Phosphate in Primary 


Refractory Rickets 


by R. STEENDIJK 


Introduction 


Primary refractory rickets is a form of 
late rickets characterized by several 
phenomena, the most important of which 
is the resistance to vitamin D therapy. 
Even in huge daily doses vitamin D can 
only establish an incomplete cure and the 
concentration of serum phosphorus re- 
mains subnormal. 

The cause of this resistance is unknown 
and the pathogenesis of the disease has 
heen the subject of some widely diverging 
concepts. The best-known theories are 
those of Albright and his co-workers and 
of Fanconi. 

Albright, Butler & Bloomberg (1) be- 
lieved the pathogenesis of infantile rickets 
and of primary refractory rickets to be 
similar. The low level of serum phosphorus 
‘vas explained by increased activity of the 
parathyroid glands. 

Fanconi (6, 7) postulated the existence 
of an intrinsic tubular defect in primary 

efractory rickets. This resulted in in- 

‘reased phosphate loss, which led to the 
ow serum phosphorus level. Fanconi sug- 
‘ested the name “‘phosphate-diabetes”’ to 
lenote this condition. 

However, it appears from several bal- 

nce studies that the balances of phosphate 


and of calcium in infantile and in primary 
refractory rickets are identically altered 
(1, 10, 11, 13, 19). With respect to phos- 
phate intake, the renal excretion of phos- 
phate has never been found to be signifi- 
cantly higher in primary refractory rickets 
than in infantile rickets (16). Moreover, 
Winberg & Zetterstr6m (18, 19) noted 
that urinary phosphate excretion in pri- 
mary refractory rickets depended on 
phosphate intake and could be either high 
or low without a change in the level of 
serum phosphorus. This casts doubt on the 
existence of a renal defect. 

The studies to be reported were carried 
out to check Fanconi’s concept. They 
resulted from the following arguments: 

In normal individuals, the fractional 
tubular reabsorption of phosphate is high 
when phosphate intake is low, whereas it 
is low on a high phosphate intake. In this 
manner a constant level, of inorganic 
phosphate in the blood is maintained 
(4, 9). 

A normal renal tubular response to 
changes in oral phosphate load in patients 
with primary refractory rickets, would 
strongly suggest the absence of an in- 
trinsic tubular defect. 
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Patients 


The tubular reabsorption mechanism for 
phosphate was studied in 5 patients, suf- 
fering from primary refractory rickets: 2 
boys, P.N. and P.V., respectively 14 and 16 
years of age; and 3 girls, A.V., M.N. and 
P.S., respectively 12, 12 and 4 years of age. 
All children had received vitamin D in large 
doses for several months at least; radiogra- 
phically active rickets was either absent or 
present in a very minor degree. The case 
records of these patients have been presented 
in detail elsewhere (15). 


Methods 


The fractional tubular reabsorption (TRP) 
was calculated from the simultaneous deter- 
mination of the concentrations of inorganic 
phosphorus and of endogenous creatinine in 
serum and in urine. 

If the clearance of creatinine is assumed to 
represent glomerular filtration rate: 


> 
PRP (%)- 


serum-creatinine x urinary 
serum-phosphate x urinary creatinine 

x 100 

The concentration of serum phosphorus 


was determined according to the method of 
Briggs (2). The concentration of phosphorus 


in urine was determined by a modification 
of this method. Serum- and urine creatinine 
were estimated according to the method of 
de Vries & van Daatselaar (17). In this 
method only true serum creatinine is deter- 
mined. 

After a normal breakfast at 7.30 a.m., the 
patients took nothing by mouth except 
water. Between 11 a.m. and 12 noon they 
urinated and, following this, drank 100 to 
200 ml of water. Half an hour later, venous 
blood was drawn for the estimation of in- 
organic phosphorus and creatinine. Another 
30 minutes later, they urinated again. This 


urine specimen was kept for the estimation of 


phosphorus and creatinine. 

The influence of diurnal changes in the 
concentration of serum phosphorus and in 
phosphate diuresis was avoided by limiting 
the collection of urine to one hour in the 
manner described. 


To establish normal values of TRP with 
this method, this fraction was calculated 
in 12 children, 7 boys and 5 girls. These 
children were either healthy or had disea- 
ses in which there was no indication of a 
disturbance in the metabolism of phos- 
phate or in kidney function. None of the 
control subjects were acutely ill and none 


received medication other than small 


TABLE 1. Calculation of the fractional reabsorption of phosphate in 12 control subjects. 


P-clear 


Serum- Urine- Serum- Urine- 
Sub- Age creat. creat. Creat.- TRI 
ject years Diagnosis Sex mg/l mg/l mg/l = mg/l clear. % 
M.T. 1] bronchiectasis M 4.6 460 50 810 0.162 83.5 
B.K. 14 thrombocytopenia M 6.2 1 400 48 1 680 0.155 84.5 
Pe. 10 healed fracture M 5.2 170 59 200 0.104 89.6 
G.E. 12 healthy M 5.9 180 46 150 0.107 89.2 
H.E. 10 healthy M 5.0 520 50 490 0.094 90.6 
J.R. 15 haemophilia M 6.6 1 250 49 400 0.043 95.7 
J.E. 12 healthy M 6.1 1 040 44 660 0.088 91.2 
M.Z. 10 acute rheumatic fever F 5.6 640 44 750 0.149 85.1 
R.K. 10 bronchial asthma F 5.9 710 52 980 0.157 84.5 
iP. 11 acute rheumatic fever F 6.0 750 63 1 330 0.169 83.1 
M.E. 10 patent ductus art. F 4.6 940 50 670 0.065 93.7 
LK. 12 slight mucoviscidosis F 4.3 320 52 470 0.122 87. 
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TABLE 2. Calculation of the fractional reabscrption of phosphate in 5 patients. 


Serum- Urine- Serum- Urine- P-clear. 

Sub- creat. creat. Creat..- TRP 
ject Date Therapy mg/l mg/l  ing/l mg/l clear. % 
PN. 2— 9-58 150.000 U. Vit. D/day 6.2 590 26 270 0.109 89.1 
16—-12~-’58 150.000 U. Vit. D/day 7.0 830 29 580 0.169 83.1 

"Bay. 21- 858 150.000 U. Vit. D/day 6.5 1490 36 920 0.111 88.9 
14— 2-59 150.000 U. Vit. D/day 6.8 1 520 28 710 0.113 88.7 

A.V. 15— 9-58 120.000 U. Vit. D/day 4.9 1410 31 1 100 0.123 87.7 
6-10-58 120.000 U. Vit. D/day 5.3 125 39 170 0.185 81.5 

M.M. 20- 8-58 90.000 U. Vit. D/day 5.3 430 25 360 0.177 82.3 
21-10-58 90.000 U. Vit. D/day 5.7 1 520 32 1210 0.142 85.8 

P.S. 2— 9-58 75.000 U. Vit. D/day 3.9 410 38 880 0.220 78.0 
16-12~’58 75.000 U. Vit. D/day 3.6 200 28 300 0.251 74.9 


amounts of sulfadiazine. The values found 
are presented in Table 1. The serum 
phosphorus concentration ranged from 44 
to 63 mg/l; and TRP from 83.1 to 95.7 %. 
These values agreed well with those found 
by others in children from the age of 2 
years (12, 14). Although one of our pati- 
ents (P.S.) was much younger than the 
others, we omitted to determine the value 
of TRP for normal children of the same 
age, as a significant difference between 
these age-groups has never been found. 


Results 


The results of the calculation of TRP in 

he 5 patients are presented in Table 2. 
The estimations reported are those in 
which the highest and the lowest levels of 
serum phosphorus were found. These 
variations occurred in spite of adequate 
‘reatment and were unpredictable. 

The range of the serum phosphorus con- 
entration, 25 to 39 mg/l, was completely 
selow that found in the controls. The range 
f TRP, 74.9 to 89.1 %, largely overlapped 
he normal range, but, on the whole, was 
ower. It is justified to conclude from these 


observations that the kidneys did not 
respond to the low level of serum phospho- 
rus by an increase in TRP, even during 
intensive treatment. 

To study the effect of additional oral 
phosphate on TRP, 3 children (A.V., 
M.M. and P.S.) were given a solution of the 
following composition: 


Na,HPO, 2 aq. 4.6 g 
NaH,PO, 2 aq. 1.0 
aqua dest. ad 60 ml 


This mixture contains one gram of ele- 
mentary phosphorus per 60 ml; the pH is 
approximately 7.3. 

Fifteen ml of this solution were taken at 
breakfast. From that time the children 
fasted, but they took another 15 ml at 
10.30 a.m. Urine was collected between 12 
noon and | p.m., and blood was drawn at 
12.30 p.m. 

The results are shown in Table 3. TRP 
was substantially reduced in all 3 patients. 
A uniform effect on the serum phosphorus 
level was not found. A rise was observed in 
2 patients (M.M. and P.S.): the level did 
not change in the third patient (A.V.). It 
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TABLE 3. Effect of increase and decrease of intestinal absorption of phosphate on the 
fractional reabsorption of phosphate in 3 patients . 


Serum- Urine- Serum- Urine- P-clear. 
Sub- creat. creat. Creat.- TRP 
ject Date Therapy mg/l mg/l mg/l mg/l clear. % 
A.V. 7-459 60.000 U. Vit. D/day 5.5 1 450 34 1 220 0.136 86.4 
21-4—’59 60.000 U. Vit. D/day + addit. P. 5.6 850 34 1 690 0.328 67.2 
6-5-'59 60.000 U. Vit. D/day 5.8 1560 30 1 660 0.206 79.4 
14-559 60.000 U. Vit. D/day + Al(OH), 6.0 1140 31 80 0.014 
M.M. 24-3-’59 60.000 U. Vit. D/day 5.4 500 260 0.108 89.2 
6-459 60.000 U. Vit. D/day + addit. P. 5.7 1 230 30 2 250 0.348 65.2 
18-9-59 60.000 U. Vit. D/day + addit. P. 5.5 1 040 24 1 300 0.286 71.4 
25-959 60.000 U. Vit. D/day + Al(OH), 5.5 640 24 100 0.036 96.4 
P.S. 3-359 75.000 U. Vit. D/day 3.8 39031 770 0.242 75.8 
22-459 75.000 U. Vit. D/day+addit. P. 4.0 290 37 1 290 0.481 51.9 


must be mentioned, however, that the 
significance of this change in the serum 
phosphorus level cannot be evaluated, 
because the 


without extra phosphate were not carried 


determinations with and 
out on the same day. 

In order to minimize intestinal absorp- 
tion of phosphate, 2 patients (A.V. and 
M.M.) took 90 ml of a 5 % gel of aluminium 
hydroxide (‘‘aluminox’’, Brocades & Sthee- 
man, Amsterdam) per day, divided in 6 
equal doses. Milk and milk-products were 
eliminated from the diet to reduce the 
dietary amount of phosphate as much as 
possible. Ingestion of aluminium hydroxide 
was continued until a few hours before 
TRP was determined. The results are also 
reported in Table 3. Phosphate excretion 
became minimal and TRP rose to very 
high values. The serum phosphorus level 
did not change. 

The serum calcium level was stationary 
at a normal level throughout the investiga- 
tions. 

Discussion 

The observations reported strongly sug- 

gest that an intrinsic tubular defect is ab- 


sent in primary refractory rickets. Our 
findings support the results of the studies 
of Winberg & Zetterstr6m (18, 19). They 
are also in agreement with the recent- 
ly reported investigations by Dodge & 
Daeschner (5) and by Fields & Rice (8). 

A renal action of parathyroid hormone 
is consistent with data presented. Cham- 
bers et al. (3) observed the effect of 
phosphate deprivation in patients with 
primary hyperparathyroidism. The serum 
phosphorus concentration did not change 
and TRP increased. Therefore, our ob- 
servations are not in disagreement with 
Albright’s concept of the pathogenesis of 
primary refractory rickets. 

A direct action of vitamin D on the 
renal tubular reabsorption of phosphate. 
however, is doubtful in view of the norma! 
response of the tubules to changes it 
phosphate load. 

In normal conditions homeostatic fac- 
tors, of which the kidney is the most im 
portant one in this respect, strive to main 
tain a constant level of serum phosphorus 
The results of our studies indicate that, 11 
primary refractory rickets, a similar homeo 
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stasis exists at a lower concentration of 
serum phosphorus. The mechanism res- 
ponsible for this is not known, although it 
is highly probable that the parathyroid 
glands are involved. Elsewhere we have 
presented further implications of this 
point of view, in connection with other 
types of rickets and with the modern 
theories of the biochemistry and_ bio- 
physics of calcification (15). 


Summary 
Studies on the renal tubular reabsorp- 
tion of phosphate in primary refractory 
rickets are presented. It is shown that: 
1. In well-treated cases of primary re- 
fractory rickets, the fractional reabsorp- 


tion of phosphate is low with respect to the 
serum phosphorus concentration, 

2. Ingestion of additional phosphate is 
followed by a fall in the fractional reab- 
sorption, 

3. Phosphate deprivation is followed by 
a rise in the fractional reabsorption. 


These results are in disagreement with 
the hypothesis that an intrinsic tubular 
defect is the underlying disorder in this 
disease. The findings are interpreted to 
signify a normal action of the tubular 
reabsorption mechanism, maintaining the 
serum phosphorus level at a low value, 
“set”? by homeostatic factors, in which the 
parathyroid glands probably are involved. 
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Analysis and Interpretation of the Fat-Absorption Coefficient 


by H. A. WEIJERS, E. F. DRION and J. H. VAN DE KAMER 


Introduction 


Steatorrhoea is often used as a criterion 
for the determination of the severity of 
absorption disturbances. In these distur- 
hances also the influence of dieto- or drug 
therapy is judged by means of the stea- 
torrhoea, the results being expressed in the 
fat absorption coefficient, viz.: 


ingested fat—g excreted fat 


~100% (1) 


g ingested fat 


For the interpretation of the absorption 
coefficient it is necessary to take into 
account many factors, such as the quantity 
and the kind of the ingested fat, the diet 
it is incorporated in, whether the patient 
his got used to a fixed quantity of fat or 
not, the rhythm of the defaecation, the 
lagth of the test period, psychic in- 


ences ete. 
[In this publication in particular atten- 
n is paid to the length of the test period 
experimental investigations. Moreover 


sideration is given to some of the fac- 
s above in view of the interpretation of 


» absorption coefficient in normal per 


is as well as in patients. 
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1. Duration of the period of observation 
and calculation 
a. Moving average 

When in normal test subjects the ab- 
sorption coefficient is daily determined 
and the values found represented in a 
graph, curves are obtained which show 
small oscillations (Fig. 1). 

In normal test subjects these oscillations 
are mainly dueto the fact that the amounts 
of faeces produced daily are not constant. 
These fluctuations, which are in no way 
related to the fat absorption, can be elli- 
minated in the first place by inducing the 
test persons to defecate regularly, which is 
especially important in children, while in 
addition a 3-days’ moving average of the 
absorption coefficient can be computed 
for every day (2). For example, for Wednes- 
day this is the sum of the absorption coef- 
ficients of Tuesday, Wednesday and Thurs- 
day, divided by 3, for Thursday the sum 
of the absorption coefficients of Wednes- 
day, Thursday and Friday divided by 3, 
etc. Just as in the intestine the chyme is 
subjected to a gradually proceeding pro- 
cess, the absorption coefficients merge gra- 
dually into one another when they are ex- 
pressed in moving averages. When, for 
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~--—Ddily observations 


72 16 days 
moving average 


Fig. 1. Daily values and moving averages of the absorption coefficient of a normal test subject. 


normal persons, the moving average of the 
absorption coefficient is plotted graphical- 
ly, this indeed results in a practically 
straight horizontal line (Fig. 1). 

The calculation of the moving average 
of the absorption coefficient is of parti- 
cular importance in patients with stea- 
torrhoea, as the deviations from the mean 
aused by the irregular filling and emp- 
tying of the colon are far more prominent 
in steatorrhoea because here more fat is 
excreted; it is, as it were, magnified pro- 
jection of what is observed in normal 
persons. It is true that it is not quite 
impossible that variations in the fat ab- 
sorption proper are overlooked to some 
extent by calculating the moving average, 
but this is more than offset by the certain- 
ty that the disturbing influence of non- 
essential fluctuations is reduced markedly, 
for in this way erroneous conclusions are 
prevented. 

If, therefore, one wishes to obtain an 
idea of the severity and the course of a 
steatorrhoea, the 3-days’ moving averages 
of the absorption coefficient must be 
determined for 24-hour periods over a 
certain number of days. 

The moving average is mainly used to 


form an impression of the course of the 


steatorrhoea; this method is not used in 
the calculations discussed below. 


b. Mean CA 


When the absorption coefficient is 


determined daily to find out whether the 
patient suffers from steatorrhoea, this 


question can usually be answered after 


three days, while after five days it is pos- 
sible to form an idea of the seriousness of 
the steatorrhoea. This impression will be 
more accurate the greater the number o! 
observations. This greater accuracy is nec- 
essary for the investigation and com- 
parison of the influence of different diets 
and drugs on the fat absorption. 

When one wishes to arrive at the con- 
clusion that the absorption coefficient has 
changed under the influence of a modifica - 
tion of the diet, and the average absor| 
tion coefficient for diet A is therefore con - 
pared with that for diet B, one must |e 
certain that the difference observed b 
tween the average values is significant, =» 
that the conclusion is justified that th» 
therapy instituted has indeed led to th: 
desired result. This is the more urge! 
because it is only rarely possible to test th 
influence of certain (dietary) changes s¢ 
veral times in one and the same patien 
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ov. 75% 


ov. 65% 


| 
| 
| 
| 
| 
| 
| diet B 
2 16 days 


8 


46 cays 


Figs. 2 A and 2 B. Influence of a change of diet on the absorption coefficient. 


so that the single decisive experiment must 
he decisive indeed. Figs. 2 A and 2 B show 
how an absorption coefficient changes by 
a modification of the diet; Fig. 2 A for the 
case that the fluctuations are slight, Fig. 
2 B for the case that they are considerable. 

It is evident that in the first case (Fig. 
2 A) also without further calculations the 
conclusion is allowed that there exists 
a significant difference between diet A and 
diet B. In the second case (Fig. 2 B) with 
the marked fluctuations, the difference 
will only be (statistically) significant when 
the number of observations has been great 
enough. 

In other words, only by making a suf- 
ficient number of observations is it pos- 
s ble to arrive at reliable conclusions. 

Here, however, we meet with a diffi- 
cilty: how many observations form a 

ifficient number’? The answer to this 

estion cannot be given off-hand, be- 
‘use this number depends on: 
1. the fluctuations in the series of in- 


‘ vidual separate data; 


2. the difference in absorption coefficient 
due to a measure taken, that one does not 
want to miss; 

3. the chance one is willing to accept of 
making errors in the drawing of con- 
clusions (i.e., to regard a non-existent dif- 
ference as a real one or to overlook an 
existing difference); 

4. the situation one is in with respect to 
the investigation (i.e., before, during or 
after the investigation). 


c. Number of observations 


It will not need further elucidation that 
the fluctuations in the separate data and 
the accuracy in drawing the conclusions 
has something to do with the number of 
observations to be made; we have, how- 
ever, to enter in more detail into points 3 
and 4, just mentioned which are also 
related with each other. 

When a complete examination has been 
finished and the data of two series of ob- 
servations of the absorption coefficient 


B 
| | 
| 
| 
| 
/ 
| 
| 
diet A diet B 
is 
he 
1s 
er 
)S- 
ot 
be 
ot 
N- \ 
| 
} 
| 
“ 
he 
| 
h> 


618 H. A. WEIJERS, E. F. DRION AND J. H. VAN DE KAMER 


are found, one series of the ‘sick’ period 
and the other of an immediately following 
period during which, for example, a 
‘curative’ diet or some other measure has 
been applied, the number of observations is 
already fixed and one cannot do anything 
but find out whether the difference be- 
tween the two average absorption coeffi- 
cients can be called ‘significant’. For this 
purpose, apart from this difference itself, 
its standard deviation is determined (in 
which both the fluctuation mentioned 
above and the numbers of observations 
play a role), and the difference is divided 
by its standard deviation. This division 
yields as quotient a figure which is in- 
dicated by the letter ¢t in the mathematical 
statistics (hence the term f-test), and a 
chance value P corresponding with it can 
now be found in the t-table. This P indi- 
ates the chance one has to interpret the 
experiment carried out incorrectly, i.e., 
incorrect in the sense that the existence of 
a real difference is concluded to, while in 
reality the difference is only a fortuitous 
one. It is customary to conclude to an ef- 
fect significant on the 5 % level when P 
values are read off equal to or smaller 
than 0.05 (equal to or lower than 5 %). 
When a chance is read off greater than 
0.05, this indicates that the experiment 
carried out has no conclusive force enough; 
this situation can be the result of either a 
too small number of observations and then 
nothing can be done about it or of a too 
small or non-existent difference between 
the real absorption coefficients in the two 
periods. 

How, then, is the situation when the 
whole experiment is still to be begun? 

We may avail ourselves of the circum- 
there exists 


stance that preliminary 


knowledge of the expected fluctuation 
(see below). Without this preliminary, 
knowledge it would be difficult to giv: 
a more or less satisfactory answer to th« 
question about the number of observa 
tions to be carried out, but with thi: 
knowledge a calculation can be made it 
which the requirements of points 2 and 3 
are taken into account. 

Let us try to form a picture of this situa. 
tion. A patient, whose condition allows 
the time for a more or less accurate in- 
vestigation, appears to yield such data 
in a ‘sick’ period of some days’ duration 
that the real absorption coefficient may be 
assumed to be 80'; the physician decides to 
apply a certain curative diet and now 
wishes to know how long the whole in- 
vestigation is to last. 

As the lengths of both the ‘sick’ and the 
‘improved’ periods are of influence for the 
standard deviation from the difference 
which is later to be calculated, it is logica! 
to consider at the same time both the 
duration of the first period (the ‘sick: 
period) and of the second period. 

Based on his own experiences or on those 
of others, the physician will conceive an 
idea of the expected effect of his measure. 
(or of the size of the effect which he is 
interested in) and he will for example a+ 
sume that this measure will raise the rea! 
absorption coefficient to 90 (or he is only 
interested if the measure raises the re: 
absorption coefficient at least to 90 
This means an improvement of the re: 
absorption coefficient by 10 points. H > 
now wishes to set up his experiment i) 


1 This, then, is the average of the populatic 
of absorption coefficients which would be four 
on continued investigation, when the patient 
condition would remain constant for a protra 
ted period. 
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such a way that, if this improvement of 
the real condition indeed occurs, he runs 
only a slight risk of having to conclude 
that this experiment does not yield a 
significant difference, after having carried 
out the whole experiment and after having 
analysed the figures according to the 
method described above (the ¢-test). 

It is evident that this situation can very 
easily arise when it is realized that the 
two series of observations will be no more 
than relatively small samples and that 
they may yield results which differ con- 
siderably from reality; i.e., when the 
population of the absorption coefficients in 
the ‘sick’ period has a real average of 80, 
the average absorption coefficient over a 
limited number of days can very well 
happen to be 83, while the average of the 
second period may happen to be 87 in- 
stead of 90. The difference 87-83 would 
probably prove to be non-significant. A 
coincidence like this forms of course an 
‘unfortunate chance’, but such an ‘un- 
fortunate chance’ may arise all too easily 
in view of the wide fluctuations in the 
separate observations. 

The situation before the experiment is 
therefore such that ‘nothing is yet known’, 
and that one has to safeguard oneself 
against the ill chance of doing a whole 
experiment for nothing. It is evident that 
n this way, before the experiment, a 
‘reater number of observations must be 
nade than would appear to be necessary 
ifterwards with the full knowledge of a 
ompletely finished experiment at one’s 
lisposal. 

So far the general discussion of the 
roblem: what is a sufficient number of 
/bservations? And now for the practice. 


d. Calculation of the number of observations 

It is self-evident that the research- 
worker has to use the ‘official’ mathemati- 
cal methods when choosing the lengths of 
the investigation periods and in the deter- 
mination of significances of differences 
between the periods. These methods re- 
quire however a rather great amount of 
computation work and they are therefore 
less suitable for the practising physician. 
A method was therefore developed which, 
it is true, is somewhat inaccurate; this 
slight disadvantage is however more than 
counterbalanced by the great advantage 
that without intricate calculations one 
can directly read off from a table how 
experiments can be set up in a justifiable 
way. The result of our observations showed 
that there exists for coeliac patients a 
certain relationship between the mean 
absorption coefficient and its standard 
deviation. In Fig. 3 are plotted against 
each other the mean and the standard 
deviations of the absorption coefficients 
of all periods of 10 and more days of all our 
patients. It is clear that the standard 
deviation is lower, the higher the absorp- 
tion coefficient, and conversely; it appears 
further that the points arrange themselves 
in a satisfactory way around the ‘average’ 
line which is drawn in. This graph is there- 
fore so important because—with an ac- 
curacy sufficient for practical purposes— 
the value of the standard deviation on the 
drawn line can be read off from the mean 
absorption coefficient, so that the cal- 
culation of the standard deviations them- 
selves is no longer necessary and only the 
simple calculation of the mean absorption 
coefficient is required. It is also possible 
to interpret this line statistically in such 
a way that the use of the formulas of the 
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Fig. 3. Relationship between the mean and the standard deviation of the absorption coefficient for 
all our coeliac patients. 


t-test, which are difficult to manipulate, 
can be abandoned and the formulas for the 
normal distribution can be applied. 

All this in combination has created the 
possibility of drawing up some simple 
tables, which in most cases make calcula- 
tion completely superfluous and in which 
everything can be found that is necessary 
to answer the following questions: 

a. When we start from an estimation of 
the real absorption coefficient of a first 
period and from an expected improvement 
(or deterioration) the 
period: how long should both periods be 
taken in order that there is no greater 
chance than 5 % that later analysis of the 


during second 


figures leads to the conclusion that there 
is no significant difference, if the improve- 
ment was at least as large as expected. 

b. Given an experiment carried out 
completely according to the indications 
obtained under point a: how great has 


been the probable minimum improvement 


(or deterioration), with a probability of 
5 % of a lower figure? 

ce. Giv.a a first period dealt with ac- 
cording to the indications obtained under 
point a and further, that the first days of 
the second period give the indication that 
the improvement (or deterioration) yields 
a figure higher than was expected: to what 
degree is it permitted to shorten the second 
period? 

In Table 1, which is to be consulted 
when working in an ascending direction 
the left column shows the value of the ab 
sorption coefficient in the first period. Thi: 
column can be entered into with the aver 
age of the first period, in which it is al- 
lowed to interpolate linearly, rounding of! 
in an upward direction. On top of the 
columns the improvement expected in th« 
real absorption coefficient is shown. The 
table gives the number of observations to 
be carried out in the two periods under 
comparison, in order to run a chance not 
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TABLE 1. Number of observations required in the test periods under comparison to demon- 
strate significantly an improvement of the mean fat absorption, which is at least as 
large as the expected improvement. 


Absorption 
coefficient in 
% in the first 


Expected improvement of the mean fat absorption 


period +5 +10 +15 +20 +25 +30 +35 +40 +45 
90 13 
85 25 5 
80 47 10 5 
75 84 5 
70 143 31 12 6 5 
65 231 48 19 10 6 ) 
60 340 7 28 15 9 6 5 
55 493 108 43 22 13 9 5 
50 709 154 62 3 19 13 9 7 5 


exceeding 5 % that after the end of the ex- 
periment the difference found cannot be 
considered significant (if the ‘real’ im- 
provement is at least equal to the expected 
improvement!). 


Examples 


a. Suppose that the examination during 
iO days of the first period (in which at 
least 10 daily observations of the absorp- 
tion coefficient must have been made, see 
Fig. 3) has yielded the average figure of 
75. Suppose further that such a measure 
will be taken that an improvement of 10 
points in the real value of the absorption 
coefficient is expected. The table is en- 
tered into with 75 and with +10 and 17 
lays are read off. The first period must 
‘therefore be prolonged to 17 days and the 
‘same must be done with the second period. 

b. Suppose that the two periods have 
een dealt with according to the prescrip- 
ions and that they have yielded absorp- 
ion coefficients of 76 and 87, respectively. 
How great was then the real improvement 


at least? The probable value of the im- 
provement is 11, while it is at least equal to 
the difference between the two values 
found minus half of the improvement ex- 


pected in the beginning. ‘i 
Thus: 
87 —76 —4 x 10=11—-5=6 


There is only a 5 % chance that the im- 
provement is less than 6 points of the ab- 
sorption coefficient. 

c. Suppose that the first period has 
been dealt with according to the prescrip- 
tions and that an absorption coefficient 
of 76 has been obtained. The first five 
days of the second period yield the figure 
of 92. Evidently an error has been made 
in the expectation and now it seems rea- 
sonable that the second period—as fixed 
beforehand—need not be observed in full. 
How far can this second period be short- 
ened? Once again the table is entered into, 
now with 75 and + 15, and a duration of 
7 days is found. Properly speaking, the 
first period has been taken too long, and 
nothing can be changed in this respect. 
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TABLE 2. Number of observations necessary in the test periods under comparison to de 
monstrate significantly a certain decrease of the mean fat absorption 


Absorption 
costticiont es Expected decrease of the mean fat absorption 
% in the first 
period —-5§ -10 -15 -20 -25 -30 -35 -40 -45 

95 13 5 5 5 5 5 ) 5 5 
90 25 10 7 6 6 6 6 7 
85 47 17 12 10 9 9 9 
80 84 31 19 15 13 13 
75 143 48 28 22 19 
70 231 73 43 y 
65 340 108 62 
60 493 154 
55 709 


On the other hand, it is now permitted to 
reduce the second period to 7 days. 

This was a case in which the improve- 
ment was more than expected. Also when 
during the second period the improvement 
appears to be equal to the expectation, 
this period can be shortened. This reduc- 
tion may go as far as to one-fifth of the 
original read-off duration, with a minimum 
of five days. In other words, when during 
the after-period it appears that a value of 
85 is reached indeed, this period may be 
shortened to five days. However, after 
this curtailing the conclusion does not go 
further than that there has been an im- 
provement, without indicating the extent 
of this improvement. 

Table 2 should be used for working in a 
descending direction. The explanation of 
this table is the same as for Table 1, it 
being understood that this table refers to 
deterioration, and that here it is not allowed 
to shorten second periods. 

There is finally a third table which 
should be consulted after the end of the 
whole investigation. 

As set forth above, the Tables 1 and 2 


and the possiblity of omitting the normal 
mathematical calculation methods are 
i.a. based on the circumstance that use 
can be made of the preliminary knowledge 
of the fluctuations as laid down in Fig. 3. 
However, this also implies that the fluc- 
tuations in the collected series of observa- 


tions (which must be composed of day- 


TABLE 3. The permissible ‘range’ (= dif- 

ference between highest and lowest observa- 

tion) in a series of n observations; chance 
95 % 


Num- 
— Mean absorption coefficient 70 and 
vations 95 90 85 80 75 lower 
2 8.3 10.2 16.6 23.5 30.5 40.2 
3 10.0 15.0 20.0 28.4 36.7 48.4 
4 11.0 164 219 31.0 40.2 52.9 
5 116 17.4 23.2 32.9 42.6 56.1 
6 12.1 18.2 24.2 343 44.4 58.6 
7 12.5 18.8 25.1 35.5 46.0 60.6 
8 12.9 19.3 25.7 36.5 47.2 62.2 
9 13.2 19.8 26.3 37.3 48.3 63.7 
10 13.4 20.2 26.9 38.1 49.3 65.0 
15 14.4 21.6 28.7 40.7 52.7 69.5 
20 15.0 22.5 30.1 42.6 55.1 72.6 
30 15.9 23.9 31.8 45.1 58.1 76.9 
50 16.9 25.4 33.8 47.9 62.0 81.8 
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»bservations) do not deviate too markedly 
‘rom those of Fig. 3. This should be 
‘hecked, which can be done by deter- 
mining the ranges of each of the two series 
—viz. the range in the first period and the 
range in the second period—and finding 
out whether both answer the requirements 
of Table 3. (As said before, the ‘range’ is the 
difference between the highest and the 
lowest observation of a series.) Should this 
not be the case, in other words, is one of 
the ranges greater than the value shown 
in the table, the fluctuation in the col- 
lected series is non-permissibly greater than 
the values which formed the basis of 
Tables 1 and 2, and then these tables can 
no longer be used. In this case the ‘official’ 
mathematical methods should be used, for 
which, if necessary, a statistician should 


be contacted. 


2. Interpretation of the C.A 


a. Normal fat absorption 

An absorption coefficient of 100% is 
never found. From this it follows that 
either not all the fat is absorbed, or that 
always a certain amount of fat is excreted. 
In normal persons, however, it is practi- 
cally generally accepted that the faecal 
fat is of endogenous origin. A coefficient 
of 95% or more is normal for normal 
adults, children and toddlers older than 
'8 months. The absorption coefficient is 
30-90 % for normal infants younger than 
-10 months, and for prematures this 
alue can be even much lower (Fig. 4). 

These values hold only good when the 
liet contains sufficient fat and when the 
at which is absorbed is butterfat, vege- 
able oils and fat with low melting point. 
Vhen much fat from sheep, cows or pigs 


is used, more fat is recovered from the 
faeces (in normal persons!) so that the 
absorption coefficients amount to 90- 
95 %. 

If the fat content of the diet is below a 
minimum level (for infants of 0-1 years 
below 15 g, for toddlers below 20 g), low 
absorption coefficients are calculated. 
This is simply a result of the fact that the 
influence of the endogenous fat on the 
calculation of the absorption coefficient 
increases to a very great extent when the 
amount of fat taken up with the diet is 
low. Therefore it is not allowed to con- 
clude in this case that the absorption of 
fat is disturbed. 


b. Disturbed fat absorption 


A normal absorption coefficient does 
not always imply that the absorption is 
normal in all respects. 

This is due to the fact that the ab- 
sorption coefficient is a criterion for the 
absorption of all fatty acids present in the 
alimentary fat. In various absorption dis- 
turbances, however, the different fatty 
acids areabsorbed in avery different degree. 
As, for example, olive oil consists mainly 
of the unsaturated oleic acid while butter 
contains much saturated fatty acids, the 
absorption coefficient in the first case is 
mainly a criterion for the absorption of 
oleic acid, in the second case for the ab- 
sorption of saturated fatty acids. This can 
be demonstrated in coeliac disease children. 
If in their diet butterfat is replaced by 
olive oil the absorption coefficient can be 
seen to rise suddenly from 85 % to 95 %, 
the normal value (Fig. 5). In spite of the 
fact that the steatorrhoea has disap- 
peared, the conclusion is not allowed that 
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Fig. 5. Increase of absorption coefficient following change in fatcomponent of diet. 


the overall fat absorption is now also 
normal, as the absorption coefficient falls 
directly again when administration of 
hutterfat is resumed. As in general in 
patients with steatorrhoea oleic acid is 
much better absorbed than the saturated 
fatty acids, it is understandable that the 
absorption coefficient can rise from 85 % 
up to 95% without the underlying dis- 
turbance being affected (3). 

Apart from the special case mentioned 
just now, the mean value of the absorption 
coefficient over a given period shows 
whether the fat metabolism is seriously 
disturbed or not. More cannot be deduced 
from it. When, however, the daily values 
from which the mean absorption coef- 
ficient has been calculated, are taken into 
consideration, it becomes clear that we 
have an additional fact at our disposal. 
\n average of for example 75 % can be 
composed of values varying between 60 


and 90%, and just as well of values 
between 70 and 80 %. We have found that 
the extent of the fluctuations forms a 
valuable criterion for the severity of the 
disease (for example coeliac disease and 
pancreatic fibrosis). Large fluctuations 
point to a much more serious condition 
than smaller ones. This observation proves 
to be of importance for practical purposes, 
as we always saw that a child with a 
markedly fluctuating absorption coef- 
ficient—but with a relatively good mean 
value (e.g. 80%)—responded very un- 
favourably to infections, dietary changes, 
etc. In this way one has, in addition to the 
clinical observation, an objective criterion 
at one’s disposal to decide whether—in 
in spite of a relatively good fat absorption 
coefficient—a coeliac disease patient is in 
a labile condition, which is very important 
from a therapeutic point of view. 
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A Study of the Enzyme Pattern in Children and Newborn Infants 


by GUNNAR CHRISTIANSSON and BERTIL JOSEPHSON 


Comparatively little is known about the 
development of the concentration of the 
plasma enzymes in children’s blood, even 
of those enzymes which are determined 
routinely in clinical practice. Kove, Gold- 
stein & Wroblewsky (6) and Stave (11) 
studied the concentration of serum-gluta- 
mic-oxaloacetic acid transaminase (SGO- 
T) and serum-glutamic-pyruvic acid transa- 
minase (SGP-T) in plasma from newborn 
infants. The alkaline phosphatase in chil- 
dren’s serum has been studied by von Sy - 
dow (13). It is, however, well known that 
in children the composition of the blood 
plasma is not identical with that of adults, 
because the average concentration of sev- 
eral substances of diagnostic interest is 
different from the corresponding average 
value in blood from adult man (4). 

A knowledge of the enzyme concentra- 
tions and of the development of the en- 
zyme pattern from birth would be of 
clinical and ontogenetic interest. A com- 
parison between the enzyme pattern in the 
plasma from the newborn and the pattern 
in the mother’s plasma would be of physio- 
logical importance. 

In the present investigation SGO-T, 
SGP-T, lactic acid dehydrogenase (LD) 


and serum alkaline phosphatase were 
determined in the same samples of blood 
from newborn infants and from a number 
of children aged one day to seven years. 
A comparison was also carried out bet- 
ween the enzyme activities in the plasma 
of a number of mothers and the corre- 
sponding activities in plasma from their 
newborn children. In the newborn children 
the serum bilirubin concentration also 
was determined because of the suspicion 
that their enzyme concentrations could 
be more or less related to their liver func- 
tion and to the presence or absence of an 
icterus neonatorum (1). A_ preliminary 
note about some of our results has been 
published (2). 


Material 


All the children examined were from nur- 
series belonging to the city of Stockholm o1 
from the Obstetric Clinic of St. Erik’s 
Hospital, Stockholm. The age distribution is 
reported in Table 1. All the children were 
routinely examined by an_ experienced 
pediatrician and samples were taken only 
from children with no sign of disease. Samp- 

1 The investigation was supported by a grant 


from the Foundation ‘‘Thérése och Johan 
Anderssons Minne’”’. 
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TABLE 1. Age distribution of the children included in the material. 


Days Months Years 
Age 0 1 2 83 4 5 6 24 6 8 #10 12 3 4°65 6 7 
a) SGO-T 36 11 16 16 9 3 2 3 4 5 4 4 l46es ili 87 
b) SGP-T 5 8 a 2 A 
c) LD 6 9 9 5 
d) Alkaline phosphatase 38 13 14 13 9 2 2 6 45 6 4 3 4 5 8 2110 7 


les from the newborn infants were taken 
only if both mother and child were considered 
healthy and if the delivery was normal. 

From the newborn infants the samples 
were taken directly from the umbilical cord 
carefully avoiding any admixture with am- 
niotic fluid. From the older children the 
blood was taken by venipuncture from a 
femoral or a brachial vein. The mother’s 
blood was always taken from a brachial vein 
as soon as possible after delivery. The serum 
samples were discarded if any trace of hemo- 
lysis was visible. 

The samples were immediately brought 
to the laboratory and centrifugated. The 
analysis was carried out the same or the fol- 
lowing day. In the latter case the serum was 
stored at a temperature of about + 4°C. 


Methods 


Serum-glutamic-oxalacetic transaminase 
(SGO-T ) 


Karmen (5) as modified by Ordell (8). In 
Ordell’s modification the number of pipet- 
tings is reduced by mixing before use: the 
aspartic acid, the DPNH, the malinic acid 
dehydrogenase—and the buffer solutions. 
\s buffer solution THAM from Sigma was 
used and EDTA added. The final volume of 
the solution to be read is 3.6 ml instead of 3 
ml in the original method. The procedure 
gives values in accordance with the original 
method. 


Serum-glutamic-pyruvic acid 
transaminase (SGP-T') 


Wroblewski & La Due (14) as modified 
by Ordell (unpublished). In this modifica- 


tion the corresponding simplifications as for 
SGO-T are introduced. The results are in 
accordance with the original method. 


Lactic acid dehydrogenase (LD) 
Wroblewski & La Due (14). 


Alkaline phosphatase 


Sommer (9). 


Bilirubin 


Jendrassik & Grof (3) modified for 0.1 ml 


serum and Beckman B photometer. 


Results 


The determined mean values and the 
standard deviations for SGO-T and phosp- 
hatase are illustrated in Figures 1-2. In 
calculation of the means for SGO-T three 
extremely high values were excluded. It 
was felt that this would give a mean value 
which corresponded more correctly to the 
normal enzymatic pattern than if these 
values had been included. These values 
were: 3 days-120 units, 1 day—167 units, 
3 days-125 units. One of these serum 
samples was icteric. These children were 
examined again three months later and 
appeared perfectly healthy. New blood- 
samples taken at this subsequent exa- 
mination showed enzyme values within 
the normal range. For the same reason one 
extremely high value for SGP-T was ex- 
cluded (400 units). 
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Fig. 1. Serum-glutamic-oxalacetic acid transaminase (SGO-T) activity in children of different age. 


Each dot represents the mean value from a group of children aged according to the abscisse. The 
number of children in each group is given in Table 1. The horizontal line represents the mean values 


and twice the standard deviation for the groups aged 0-6 days, 1-12 months and 1-7 years respec 
tively. Three very high values are omitted (see text). 


For SGP-T and LD the material was 
too small for calculation of mean values. 
For these enzymes all the values are 
recorded in Figures 3 and 4. 

The serum bilirubin concentration in the 
newborn children varied between 0 and 
14 mg per 100 ml. As there was no cor- 
relation between the bilirubin concentra- 
tion and that of the determined enzymes 
the bilirubin figures are not given or 
plotted. 


Discussion 
SGO-T (Fig. 1) 

The mean value for SGO-T in newborn 
infants, 35 units, was considerably higher 
than in adult man. The mean values for the 
small groups of children aged one week 
to one year were very varying, but for all 


these groups together the common mean 


value was identical with that of the new- 
born infants. The standard deviation for 
children aged less than one year was much 
higher than for older children and adults. 

The mean value for the mothers was 
identical with the normal value for adults 
and thus significantly lower than the figure 
for the newborn children. 

For children | to 7 years of age the mean 
value was 23 units which is somewhat 
higher than the normal adult value. The 
difference is not statistically significant. 
For these groups the value was slightly 
decreasing with age towards the adult 
mean, but the groups were small and the 
differences are not significant. 

It does not seem probable that the high 
values in the newborn infants are a sign 
of liver dysfunction because usually paren- 
chymatous liver disease gives much higher 
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values. It seems more probable that these 
high values are related to the increased 
erythrocytolysis in early childhood. This 
‘xplanation cannot be valid for the high 
values encountered in some of the groups 
hetween 1 week and 1 year old. As these 
yroups are small and the values very 
varying, there is scarcely any reason to 
try to find an explanation. 

From a diagnostic point of view it is 
suggested that in children up to 1 week of 
age a SGO-T value of up to 70 units might 
be considered as normal. For children | 
week to 1 year old the normal values seem 
to be below 50. However, values between 
50 and 70 cannot be definitely considered 
as pathological while the upper limit in 
children up to seven years must b« set to 
40 units. 

SGP-T (Fig. 2) 

The material consists of newborn chil- 
dren only and is too small for a statistical 
analysis. Except for one single value which 
was very high, the figures are evenly 
distributed below 50 units. This figure 
may be considered as the upper normal 
limit for newborn infants. It is  signifi- 
cantly higher than the corresponding value 


SGP-Transaminase 


(units) 
605 
e 

40- e e 

0 range 
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Age (days) 


‘ig. 2. Serum-glutamic-pyruvic acid transami- 
iase (SGP-T) activities in relation to age. One 
extremely high value is omitted. 


for adults (30 units). These values also 
agree with those found by Wroblewsky 
et al (14) in newborn infants. 


LD (Fig. 3) 

This material also consists only of new- 
born children and is too small for statisti- 
cal treatment. Except for three very high 
values all the figures are within or slightly 
above the normal adult distribution range 
(260-850 units). It seems as if values up 
to 1050 units could be considered as nor- 
mal during the first week of life. 


Alkaline phosphatase (Fig. 4) 

It turned out that during the first week 
of life the alkaline phosphatase concen- 
tration was similar to that in adults 
(0-10 units) and with the same standard 
deviation. This had been observed earlier 
(13). It has been found that the alkaline 
phosphatase activity in the serum of 
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Fig. 3. Lactic acid-dehydrogenase activities in 
relation to age. 
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Serum Alkaline Phosphatase 
activity (units) 
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0123456 
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pregnant women increases towards term 
(10) which possibly might be connected 
with the increased production of estro- 
genic hormones. In the present material 
the serum phosphatase activity was signi- 
ficantly lower in the newborn infants than 
in their mothers. 

Already at the age of one month the 
phosphatase value had increased to a mean 
of 12 units which is significantly higher 
than the adult value, and also the standard 
deviation was significantly higher than in 
adults. The value started decreasing slowly 
at the age of five years but at the age of 


Age (years) 


Fig. 4. Alkaline serum phosphatase activity in children of different age. Legend as in Fig. 1. 


seven, it was still significantly above that 
of adults. 

It seems probable that the high phos- 
phatase activity in children is connected 
with the development of the bone tissue. 
However, the ossification process is very 
intense precisely during the first week 
after birth and consequently high values 
could be expected also during this period. 
The reason for the low values found is 
obscure. 

The same values as for adults are sug- 
gested as limits for the phosphatase value 
during the first week of life, i.e. 0-10 
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units. For the age one month to seven 
vears the upper limit was found to be 20 


units. 


The enzyme pattern 


Generally, it seems as if the enzyme 
pattern in the plasma of newborn infants 
differs considerably from that of adult 
man. This may be considered as a sign of 
immaturity rather than a sign of disturbed 
liver function as there was no correlation 
hetween the elevation of the different 
enzymes nor between the enzyme con- 
centration and the degree of jaundice. 
Neither did a high enzyme value have any 
hearing on the health and further develop- 
ment of the child. The high standard de- 
viation in the newborn children is in ac- 
cordance with the hypothesis that the in- 
creased concentrations depend on the fact 
that the enzyme pattern is under develop- 
ment. 

However, the strange exception rep- 
resented by the alkaline serum phospha- 
tase remains unexplained. A possible ex- 
planation would be that the increased 
values observed during the subsequent 
childhood might be due to the presence in 
plasma of some substance activating the 
phosphatase as postulated in certain cases 
ly Thannhauser, Reichel, Grattan & Mad- 
dock (12). If this were the correct ex- 


Summary 


The concentration in serum of some en- 
zymes often determined for diagnostic 
purpose was studied in children of dif- 
ferent ages. 

Serum glutamic-oxalacetic acid transa- 
minase (SGO-T) activity was considerably 
higher during the first week of life than in 
adult man and so was the standard devia- 
tion. After one year it dropped to values 
near the normal value for adults. 

Serum glutamic-pyruvic trans- 
aminase (SGP-T) was studied in newborn 
children only. The mean value and the 
standard deviation were considerably 
higher than the corresponding value in 
adults. 

Lactic acid dehydrogenase (LD) was 
also studied only in children aged up to 
one week. The values were within or 
slightly above the range for normal adults. 

Alkaline phosphatase activity was found 
to be within the normal range for adults 
during the first week after birth. Sub- 
sequently and up to the age of seven years 
the mean value and the standard deviation 
were significantly higher than in adult 
man. 

The serum enzyme values from the new- 
born children were compared with the cor- 
responding values from their mother’s 


planation the activating substance would — blood. 
not appear in the plasma during the first 
eek after birth. 
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irom the Pediatric Clinic of Karolinska Institutet, Kronprinsessan Lovisas Vardanstalt 
for Sjuka Barn and the Clinical Laboratory, St. Eriks Sjukhus, Stockholm, Sweden 


The Urie Acid Concentration in Serum from Children, Newborn 
Infants and Mothers after Delivery 


by GUNNAR CHRISTIANSSON and BERTIL JOSEPHSON 


Studies of the development of the che- 
mical pattern of children’s serum have 
been previously published from these 
departments (1, 2, 4, 5) and it was suppo- 
sed that such investigations are of phy- 
siologic, ontogenetic and clinical interest. 

One serum constituent which has not 
heen studied in children of different age 


is uric acid. 


Material 


The same blood sample as in the previous 
paper on enzyme pattern of children’s plasma 
were used. The number of children examined 
is recorded in Table 1. 


Method 


The enzymatic method of Kalchar and 


Praetorius as modified by Fechtmeir & 


\renn (3). 
Results 


The results are demonstrated in Fig. 1. 


Comments 


During the first week of life the con- 
centration of uric acid in the serum was 
significantly higher than in normal adults 
and so was the standard variation. How- 
ever, it was found that the concentration 
value from the mother’s sera was equally 
elevated. Thus it seems likely that uric 
acid from the mother’s blood was in equi- 
libirium with that of the fetus over the 
placenta. It is known that amniotic fluid 
has a higher uric acid concentration than 
serum. The high concentration in the 
mother’s blood might be related to an in- 
creased formation and metabolism of 
nucleotides. 

In children aged more than one year the 
concentration was not significantly dif- 
ferent from that in adult man. 


TABLE 1. Age distribution of the children included in the material. 


Days 


Age 0 2 


Months Years 


4 6 810 123 4 5 6 


Number 37 19 5 6 3 5 
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Serum Uric Acid 
(mg /100 ml) 


26—_—_—_ 


01234 


(Cord) Age (days) 


xMother's blood 


Fig. 1. Mean values and twice the standard deviation for serum uric acid in children in relation to age 


12384886 
Age (years) 


and in the mothers in relation to their newborn infants. 
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CASE REPORTS 


Two Cases of Aminoaciduria, Ocular Changes and 


Retarded Mental and Somatic Development (Lowe’s Syndrome) 


by ERIK TERSLEV 


From The Pediatric Clinic. The University Hospital, Copenhagen 
(Chief: Professor Preben Plum, M.D.) 


In 1952, Lowe, Terrey & MacLachlan 
in Boston described three cases of a syn- 
drome in children which seemed to form an 
entity not previously described. The syn- 
drome presented the following main symp- 
toms: mental retardation, acidosis, hydro- 
phthalmus, aminoaciduria, reduced ability 
to produce ammonia in the kidneys and, 
in the untreated state, osteomalacia or 
rickets. 


In addition, the three cases described 
presented the following symptoms: hyper- 
activity, diminished reflexes, and flaccid 
musculature with abundant subcutaneous 
fat. Two of the cases had marked arching of 
‘he frontal bones. In all three cases, hydro- 
/hthalmus was present and two had cataracts. 
in addition, misty corneae and blindness and 
coarse, wandering nystagmus were present. 
\ll three patients uttered now and again a 
trange ringing cry and, during the course of 
he disease, there were periods of pyrexia 
ithout demonstrable cause. As regards the 
iboratory investigations and other details 
he reader is referred to the original paper. 
n the following years similar cases with slight 
ariations in the symptoms were published 
3, 4, 6, 11). 


During the winter of 1958-1959, two 
patients were admitted to the Paediatric 
Clinic, the University Hospital of Copen- 
hagen in whom the clinical picture was so 
suggestive of that described by Lowe et al. 
that it was considered of interest to report 
them. 


Case Histories 


Case 1. Boy aged 1} years. Only child of 
apparently healthy parents (see later). The 
maternal grandmother had cataract. The 
pregnancy and the delivery was normal. 
Birth weight 3000 g. The ocular anomaly 
was noticed immediately after birth and the 
infant was admitted to the Ophthalmic 
Department, the University Hospital of 
Copenhagen, where he was hospitalized on 
four occasions during the period from the 
age of 14 days until 16 months of age with 
the diagnoses of right buphthalmus and left 
iritis. The treatment instituted was enuclea- 
tion of the right eye. (Microscopic examina- 
tion of the exstirpated eye showed a greatly 
dilated, milky cornea and a cataractous lens. 
There were no abnormalities of the chamber 
angle, and the canal of Schlemm was normal, 
but there was atrophy and degeneration 
of the other layers, presumably secondary to 
glaucoma.) In the left eye iridectomy was 
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Fig. 1. B.C. Boy aged 1} years with Lowe’s Syndrome. Prothesis in right eye socket. Left 
hydrophthalmus. 


undertaken. (Biopsy showed chronic iritis.) 
At the age of three weeks the urine was free 
from albumen, but at the age of 53 months 
albuminuria was demonstrated for the first 
time (0,2 %,) but, on the occasions men- 
tioned, no sugar could be demonstrated in 
the urine. At the age of six months, patho- 
logical amounts of lysine, cystine and other 
amino acids were demonstrated in the urine. 

At the age of 16 months the child was ad- 
mitted to the Paediatric Clinic, the Uni- 
versity Hospital of Copenhagen. The weight 
was then 8060 g, the length 71 cm and the 
circumference of the head 47 em. The child 
was pale and thin and was retarded both 
mentally and somatically. The cranium was 
scaphalocephalic with a comb-shaped sagittal 
suture. The fontanelle could just be felt. The 
right eye socket contained a prothesis. The 
left eye, which was considerably enlarged, 
showed nystagmus (Fig. 1). The pupil was 
large but the tension was not increased. Only 
perception of light was retained. The hearing 
was greatly reduced and the child reacted 
only to loud noises. The musculature of the 


extremities was poorly developed, the tone 
was reduced and the reflexes weak but normal! 
in type. Slight hypermobility of the joints 
was present. The child lay, as a rule, passive 
on his back with stereotype flapping move- 
ments in front of the eyes. Now and again 
he made babbling noises. The child had dif 
ficulty in retaining food. Vomiting occurred 
frequently and there was extreme constipa- 
tion. Now and then during the course of th« 
disease there were brief periods of pyrexia 
without demonstrable cause, but no charac- 
teristic cry. No cystine crystals were found in 
the cornea. 
Laboratory Investigations: Albuminuria 
was demonstrated but no glucosuria. Micro- 
scopic examination of the urine was normal. 
The micro-ESR was consistently raised anc 
varied between 17 and 44 mm per hour. A 
constant slight anaemia was observed. Th« 
urine contained cystine, lysine, histidine. 
alanine, and glycine in large quantities and 
in addition, serine, glutamic acid, asparti: 
acid, glutamine, threonine, proline, valine, 
leucine, methionine, phenylalanine, trypto 
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TABLE 1. Laboratory investigations in Case 1. 


On 4 % semolina 


gruel after 15 On ordinary diet 


On 4% days with 15 days after 
On ordinary semolina 100,000 Units withdrawal of 
diet gruel vitamin D daily vitamin D 
blood 
Micro ESR in mm 17 25 25 
Haemoglobin % 65 75 79 
Blood urea mg % 22 58 19 
Serum chloride mEq 95 95 
Serum bicarbonate mMol 16 18.5 15 
Serum potassium mEq 4.6 3.7 
Serum sodium mEq 138 138 
Serum calcium mg % 10.6 10.4 12.6 10.9 
Serum phosphorus mg % 3.4 7.3 3.7 
Alkaline phosphatase units 50 38 28 16 
Amino acids mg % 4.9 
Urine 
Quantity per 24 hours 400 240 465 
Specific gravity 1033 1019 
Albumen + “+ t + 
pH 9 9 8.9 
Sodium mEq 25 14 14 
Potassium mEq 24 24 37 
Calcium mg 60 23 26 
Phosphorus mg 288 463 330 
Chloride mEq 35 18 13 
Faeces 
Quantity per 3 days 117.1 ¢g 


Calcium per day 
Phosphorus per day 
\verage consumption per day of 
Calcium 
Phosphorus 


1200 mg 
367 mg 


1220 mg 
970 mg 


1220 mg 
970 mg 


phane, tyrosine and arginine, as determi- 
ned by paper chromatography (undertaken 
by A/S Medicinsk Laboratorium, Copenha- 
gen). EEG: Slightly abnormal curve. For 
he other laboratory investigations see Table 
Radiographic examination: no definite 
keletal changes. Urography: normal. 

No information was available regarding 
he administration of vitamin D during the 
neriod prior to the age of 16 months. 

As the reaction to treatment with massive 
loses of vitamin D was considered to be of 
nterest, the child was placed on a constant 
liet of 4% semolina gruel containing 140 


mg % calcium and 112 mg % phosphorus. 
After 14 days this diet was supplemented 
with 100,000 units vitamin D daily for a 
total of 15 days and the blood and urine 
Repeated 
vomiting still occurred and severe constipa- 
tion persisted. A few weeks after the with- 
drawal of the massive doses of vitamin D 


again investigated (see Table 1). 


the blood urea rose and, for this reason, 
copious amounts of fluid and sodium bi- 
carbonate were administered, and the to- 
lerance test was discontinued. Following the 
return of the blood urea to normal, the pa- 
tient was allowed home for Christmas. He 
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was re-admitted a month later. He had been 
quite well until a week prior to admission 
when pyrexia of 39-40°C had developed as- 
sociated with cramps in the hands. His 
condition gradually deteriorated and death 
eventually supervened during a period of 
hyperpyrexia. 

Autopsy: Macroscopic examination of the 
brain: slight meningitis, severe cerebral oe- 
dema, slight encephalitis with chronic atro- 
phy of the ganglion cells. Porencephaly of 
the mesencephalon. Microscopic examination 
of the kidneys showed no vascular or glome- 
rular changes. The afferent convoluted tu- 
bules were normal in structure without epi- 
thelial changes and in the efferent convolu- 
ted tubules colloid-resembling deposits were 
found. The renal cortex was patchily in- 
filtrated with lymphocytes and leucocytes 
and isolated shrunken glomeruli were en- 
countered in such regions. In some of the 
collecting tubules amorphous deposits were 
found and in isolated places these deposits 
resembled calcium. Fine fluffy deposits 
were also localized to the interstitial tissue. 
No double refractive crystals were observed. 
The mucous membranes of the pelves were 
well preserved. No crystals were demon- 
strated in any of the organs. 

The patient’s mother was examined during 
the child’s stay in the Ophthalmic Depart- 
ment and albuminuria with marked cys- 
tinuria was disclosed but paper chroma- 
tography, performed in view of the amino 
acids in the urine, gave negative results. 
Examination of the eyes revealed punctate 
opacities in both lenses. 


Case 2. Boy aged 3} years. Only child of 
healthy parents. The pregnancy and delivery 
was normal but the infant was cyanotic at 
birth. Birth weight 3700 g, length 57 cm. 
The infant was artificially fed and thrived 
well. Supplements of 800 units of vitamin 
D and 4000 units of vitamin A daily were 
administcred and ascorbic acid was given 
from the age of 1-2 months. 

First admission to Hospital: The child 
was admitted to the Paediatric Clinic of the 
University Hospital of Copenhagen at the age 
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of six months because of retarded develo} 
ment. The child was big and well nourishe: 
and lay relaxed in bed. The cranium was nar- 


row, scaphocephalic, with a circumference o/ 


45 em. The fontanelle was of normal size and 
tension. The eye movements were uncoordi 
nated. Some convergent strabismus was 
present and there was occasional horizontai 
nystagmus. Bilateral cataracts were presen: 
and the child did not appear to be able to 
see. He listened to the rattling of a toy bui 
did not try to catch it. He could hold ob- 
jects but was not interested in them. He 
was unable to lift his head while lying on his 
back, but lifted it well while lying prone. 
The child could not sit but made attempts 
to crawl in the prone position. Weight was 
7250 g, length 66.5 em. 

Albuminuria was demonstrated but micro- 
scopic examination of the urine was normal. 
No glucose was found in the urine and the 
blood urea was normal. The serum calcium 
and phosphorus were normal, alkaline phos- 
phatase was slightly raised (42 units/100 ml). 
Phenylpyruvie acid could not be demon 
strated in the urine but on repeated exa.- 
minations cystine was found in large quanti- 
ties. Large quantities of alanine and gluta- 
mine were, similarly, found, and in addition, 
a number of other aminoacids: glycine, se- 
rine, threonine, glutamic acid, valine, leu- 
cine, proline, tyrosine, histidine and lysine 
as determined by paper chromatography 
(performed by A/S Medicinsk Laboratorium 
Copenhagen). X-ray examination revealed 
rachitic changes in the distal epiphyses of th« 
extremities. Cystine crystals could not be 
demonstrated by split-lamp examination 0} 
the cornea. The ocular tension was normal 
EEG: normal. 

It was thought that the usual form o! 
cystinosis was not involved here and _ the 
condition was, therefore, interpreted as ¢ 
form of rickets. The patient was treated 
thereafter with 8000 units vitamin A anc 
1600 units vitamin D daily. Cataract opera- 
tions were then undertaken on both eyes 
and the child could, thereafter, follow light 
and look at his fingers. He was discharged 
from Hospital on the above mentioned dos« 
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Fig. 2. J.A. Boy aged 3} years with Lowe’s syndrome. 


of vitamins to a home for the care of the 
blind. 

Contact with the child was not main- 
tained. The child was in a childrens home 
and it is known, that only slight progress 
was made during the next three years. 
Nothing is known concerning the administra- 
tion of vitamins during these three years. 

Second admission to Hospital: The boy 
was readmitted to the Paediatric Clinic, the 
University Hospital of Copenhagen at the 
age of 3} years for control of the condition. 
No illness had occurred apart from a ten- 
deney to catarrhal conditions. Length was 
90 em, i.e. 9 em less than the average for 
the age, and the weight was 12.5 kg. The 
child lay flat on his back and made almost 
‘continual stereotype bending and stretching 
movements particularly of the upper limbs. 
He could sit almost without support but 
vas unable to support himself on his legs. 
He could lift the head and body in the prone 
position. The cranium was narrow, but other- 
vise normal. The fontanelle was closed and 
the circumference of the skull was 48.8 em. 
here was no evident craniotabes. The eyes 


were deeply set with rather large corneae, 
rather small pupils and definite bilateral 
central cataracts. Perception of light was 
possibly present. No definite strabismus was 
present. The eye movements appeared to be 
co-ordinated but occasionally nystagmoid 
movements occurred. There was a suggestion 
of a rickety rosary. The tone of the extremi- 
ties was reduced, there was some hyper- 
mobility of the joints and the tendon re- 
flexes were weak. The hearing appeared to 
be severely reduced. 

Albuminuria was again demonstrated to- 
gether with aminoaciduria (comprizing cys- 
tine, glucine, serine, glutamic acid, gluta- 
mine, alanine, threonine, histidine, valine, 
leucine, phenylalanine and lysine in large 
quantities), but no glucosuria was demon- 
strated. No definite rachitic changes were 
observed on x-ray examiation of the ex- 
tremities, but the distal end of the ulna 
was, however, slightly broader than normal. 
Intramuscular urography: right hydrone- 
phrosis, bilateral nephrolithiasis, possibly 
defective excretion on the left side. EEG- 
curve when awake: slightly abnormal pat- 
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TABLE 2. Laboratory investigations in Case 2. 


Calcium per day 
Phosphorus per day 


Average consumption per day of 
Calcium 
Phosphorus 


Balance 


Calcium 
Phosphorus 


1687 mg 
880 mg 


1680 mg 
1200 mg 


— 183 mg 
— 89 mg 


1075 mg 
381 mg 


1680 mg 
1200 mg 


+513 mg 
— 45 mg 


1956 1959 
Same diet but 
after treatment Same diet 12 
On artificial for 14 days with days after with- 
feeding with vitamin D drawal of treat- 
1200 g semolina (100,000 Units ment with 
gruel daily daily) vitamin D 
Blood 
Micro ESR in mm 5 21 37 
Haemoglobin % 90 85 70 
Blood urea mg % 38 70 59 19 
Serum chloride mEq 11] 130 103 109 
Serum bicarbonate mMol 20 14 19 17 
Serum sodium mEq 149 145 146 147 
Serum potassium mEq 4.2 4,2 4.3 3.7 
pH 7.31 7.39 7.33 
pCO, mm 32 34 35 
Serum calcium mg % 9.8 9.7 10.3 is 
Serum phosphorus mg % 5) 4.2 5.3 6.7 
Alkaline phosphatase units 42 38.8 29.0 15.0 
Amino acids mg % 4.5 4.6 4.5 
Amino acids chromatogram normal normal normal 
Urine 
Quantity per 24 hours ml 620 720 540 
Specific gravity 1011 1012 1012 
Albumen t 
pH 6.5 
Sodium mEq 40 14 14 
Potassium mEq 31 4: 30 
Caleium mg 176 92 15 
Phosphorus mg 409 864 535 
Chloride mEq 35 3: 9 
Ammonium g 0.5 0.: 0.3 
Amino acid chromatogram pathological pathological normal pathological 
Netto acids mEq 20 24 17 
Faeces 
Quantity per 3 days 110g 104 g 128 ¢g 


1707 mg 
683 mg 


1680 mg 
1200 mg 


— 42 mg 
—18 mg 
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‘ern. Sleeping curve: moderately abnormal 
pattern. Fractional serum protein deter- 
mination: the values for alpha,-, alphay,-, 
heta,- and beta,-globulins were raised, a 
condition which is observed in cases of ne- 
phrotie renal changes. The results of the other 
Jaboratory investigations appear in Table 2. 

On the supposition that a case of the syn- 
drome described by Lowe et al. was involved, 
a decision was made to perform tolerance 
tests with massive doses of vitamin D and 
the results of this experiment appear in 
Table 2. During the entire experimental 
period the child received a constant diet of 
semolina gruel containing 140 mg% cal- 
cium and 100 mg % phosphorus. A total of 
1.8 million units of vitamin D was ad- 
ministered over a period of 18 days. 

Following the favourable effect of the 
vitamin D therapy on the aminoaciduria 
and on the calcium-phosphorus balance, 
treatment of the child as an out-patient with 
large dosis of vitamin D was begun. The 
size of the dose was regulated by serum cal- 
cium determinations and the optimal dose 
appeared thus to be approximately 20,000 
units of vitamin D daily. In addition so- 
dium bicarbonate was administered in a 
dose of 1 g daily. 

The ophthalmological changes in the two 
cases recorded here have previously been 
reviewed in detail by Seedorff. 


Discussion 


These two children resembled one an- 
other greatly, considerably more than the 
photographs, Figs. 1 and 2, suggest. When 
left alone both of them lay relaxed on 
their backs with rolling movements of the 
head, coarse wandering nystagmus and, 
singular, almost athetoid movements of 
‘he upper limbs in which they waved 
their hands in front of the eyes. 

The author is of the opinion that both of 
these cases may be interpreted as cases of 
the syndrome described by Lowe et al., viz. 


one of the clinical pictures resembling the 
de Toni—Debré—Fanconi syndrome asso- 
ciated with ocular changes and mental 
retardation. Thus, in these two patients 
the following were encountered: Mental 
and somatic retardation, hydrophthalmus 
(Case 1), cataract (Case 2), reduction of 
vision to blindness with coarse wandering 
nystagmus, hyperactivity, hypotonia and 
diminished reflexes in the extremities, 
hypermobility of the joints and periodic 
pyrexia without demonstrable cause. On 
tolerance tests with massive doses of vita- 
min D, increased phosphorus absorption 
from the intestine was demonstrated with 
an increase in the serum phosphorus values 
despite the increase of the already great 
excretion of phosphorus via the kidneys. 
In Case 2 radiological evidence of rickets 
was found while in Case 1 the defective 
growth was possibly the reason that the 
rickets had not developed. The blood alka- 
line phosphatase was raised in both of 
the patients. In addition, the following 
were found on examination of the blood: 
Acidosis, low normal to reduced serum 
phosphorus, normal blood urea and amino 
acid content. Greatly increased quantities 
of amino acids were demonstrated in the 
urine (including cystine also). In Case 1 
the urine was alakaline and the specific 
gravity normal as in Lowe’s patients 
while, in Case 2 the finding of acid urine 
and isostenuria was possibly due to the 
fact that in this patient more severe renal 
changes were present (right hydronephro- 
sis, bilateral nephrolithiasis and_ possible 
absence of excretion on the left side). 
Case | showed constant albuminuria with 
normal specific gravity and diuresis and, 
at autopsy, only slight evidence of sub- 
acute-chronic pyelonephritis was found. 
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This slight urinary condition cannot ex- 
plain the acidosis, hyperphosphaturia, or 
the aminoaciduria On the other hand, 
Case 2 had real renal disease with radio- 
graphic changes and changes in the urine: 
isosthenuria, albuminuria, hyperphosphat- 
uria and acidosis in the blood. The 
sodium, calcium and chloride values in the 
blood, were, however, found to be normal 
while these values are frequently reduc- 
ed in chronic renal diseases. The serum 
phosphorus was low normal while in chronic 
renal conditions this is frequently raised. 
Further, the aminoaciduria in this case 
was considerably greater than that seen 
in renal diseases and this observation, 
together with the presence of other de- 
fects is evidence that, at least, some of the 
symptoms may be explained as the result 
of inborn errors of metabolism. 

In neither of the two cases could cystine 
deposition be demonstrated so that the 
diagnosis of Lignac-Fanconi’s syndrome 
may be excluded. On no occasion was 
steatorrhoea or any other abnormality of 
alimentary excretion observed which might 
explain possible poor resorption of vita- 
min D. 

In Case 2 the rachitic changes dimini- 
shed or perhaps entirely disappeared on 
approximately 1600 units vitamin D 
daily (information very unreliable). The 
reason for this is somewhat obscure. Per- 
haps the fact that the child’s growth in 
the intervening period was considerab- 
ly inhibited (weight: 7850 g—>12.500 g, 
length: 73-—+90 cm) played a part so that 
despite a greater requirement of vitamin 
D than normal, the child could manage 
on an inadequate supply of the vitamin. 
It should be noted that the centres of os- 
sification in this case correspond to the age. 


In patients with de Toni-Debré—Fan 
coni’s syndrome, large doses of vitamin I 
have a favourable modifying effect on the 
hypophosphataemia, the high renal phos- 
phate clearance, glucosuria, aminoaciduri: 
and the hyperchloraemic acidosis (Salassa, 
Power, Ulrich & Hayles). Trial admini 
stration of large doses of vitamin D to 
the two patients described here had a 
correspondingly favourable effect as the 
serum calcium and phosphorus balances 
improved. The acidosis became less pro- 
nounced and the excretion of amino acids 
in the urine became completely normal. 
On the other hand, the author does not 
consider it justified to draw any conclusions 
from the more uncertain changes in the 
potassium, sodium and chloride values in 
the blood and the urine. 

It is a peculiar fact that, during 
treatment with large doses of vitamin D 
not only does an increase occur in the 
serum phosphorus values but also in the 
excretion of phosphorus in the urine. 
This observation does not fit in with the 
theory propounded by Albright et al. (2) 
according to which the effect of vitamin 
D consists of increased calcium absorp- 
tion— increase in serum calcium—reduced 
parathyroid activity—>reduced excretion 
of phosphorus in the urine and, finally, 
increase in the serum phosphorus (unless it 
may be presumed that the parathyroid 
function is greatly reduced; a fact which 
the serum calcium values do not suggest). 
Nor does the observation agree with 
Dent’s theory according to which the ef- 
fect of vitamin D consists of a direct effect 
upon the renal tubules so that reabsorp- 
tion of phosphorus is increased. In normal 
individuals the excretion of phosphorus is 
increased with acidosis but this cannot ex- 
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»lain the increase either since during the 
treatment with vitamin D a reduction of 
ihe acidois occurred. Vitamin D causes an 
increase in the absorption of phosphorus 
irom the intestine (2, 5, 12) and in its 
vesorption in the renal tubules (5, 7, 12). 
As in these two patients, the author found 
an increase in the excretion of phosphorus 
in the urine simultaneously with an in- 
crease of the values for the phosphorus in 
the blood associated with a reduction of 
the faecal content of phosphorus (this latter 
was, unfortunately, only demonstrated in 
Case 2), it seems as if the increase in ab- 
sorption of phosphorus from the intestine 
must have been the most important effect 
of vitamin D on the phosphorus meta- 
bolism. Possibly the lesion in the renal 
tubules involving the resorption of phos- 
phorus in these two cases was not so sus- 
ceptible to vitamin D but the phosphorus 
balance, nevertheless, improved during 
treatment with vitamin D. 

It is interesting that with the high 
phosphate clearance simultaneous 
glucosuria was found but glucose and 
phosphate do not necessarily need to cor- 
respond; cf. conditions in renal glucosuria, 
where only glucose is excreted and, simi- 
larly, aminoaciduria may occur without 
simultaneous glucose or phosphorus ex- 
cretion, e.g. in certain cases of hepato- 
‘enticular degeneration and in cystinuria 

Dent). 

The serum amino acid content was 
iormal so that the aminoaciduria must 
e of renal origin (cf. Dent). 


The hypotonia in the two cases can 
scarcely be explained by the hypopotassae- 
mia as this, in any case, was not demon- 
strated with certainty. 

As regards treatment it may be remar- 
ked that while the three patients men- 
tioned by Lowe et al. required only mo- 
derate doses of vitamin D to improve, both 
of the patients described here required 
considerably raised doses of vitamin D in 
order to attain approximately normal 
blood and urine values. 

Both of the patients described here 
were very deaf and EEG changes were 
demonstrated in both of them. In Case 2 
the EEG had previously been normal. In 
Case 1 definite histological changes in the 
brain were found at autopsy. 

Finally, it should be mentioned that in 
Case 1 hereditary conditions of interest 
could be demonstrated as the patient’s 
mother had albuminuria, cystinuria and 
opacities in both lenses. 


Summary 


Two cases of Lowe’s syndrome are re- 
corded. By means of investigations with 
the administration of large doses of vita- 
min D, increased phosphorus absorption 
from the intestine with an increase in the 
serum phosphorus values despite increase 
in the already high excretion of phos- 
phorus in the urine were demonstrated. 
Doses of approximately 20,000 units of 
vitamin D were necessary therapeutically 
and it appears that this dosage must be 
maintained. 
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CASE REPORT 


Galactosaemia 


Report of a Case! 


by OLE MORTENSEN and GUNNAR SONDERGAARD 


From the Paediatric Department of Aarhus University (Chief: Professor Bent Andersen, M.D.), Aarhus Kom 
munehospital, and the Department of Internal Medicine (Chief: Professor P. Bechgaard, M.D.), Aarhus 
Amtssygehus, Denmark 


We have previously reviewed galactos- 
aemia (15) and reported a case (5, 16). 
Since then, many additional cases have 
heen described in the literature. Among 
reviews published during recent years we 
may mention those by Schreier e¢ al. (21), 
Schultze-Jena & Schaper (22) and Holzel 
et al. (10). Kalckar (12) suggested that the 
term “hereditary galactosaemia” should be 
used for the disease, since it has now been 
shown that it is attributable to some ge- 
netic factor. 

Below, we present a further case, in 
which special attention has been given to 
laboratory examinations in relation to 
valactose-tolerance tests. 


Case Report 


A boy, aged 3 months, was admitted to 
he Paediatric Department on Nov. 22, 1954. 
He was the youngest of three siblings; the 
wo others and the parents were in good 
ealth. There were no known instances of 
ifant deaths, cataract or mental deficiency 
n the family. The pregnancy had been nor- 
ial, apart from vaginal bleedings in the 


1 Aided by a grant from Nordisk Insulinfond 
o G.S. 


first or second month of pregnancy. The 
boy had been delivered by Caesarean sec- 
tion. He was breast-fed for one week and 
afterwards given a milk formula with added 
milk powder. Neonatal jaundice was present 
for 3 weeks, and the boy was strikingly quiet 
and slept much. He lost 700 g in weight 
during the first fortnight. 

At the age of 2 months, the patient was ad- 
mitted to a regional hospital with violent 
diarrhoea. He was critically ill, dull and 
greyish pale. On admission, the body weight 
was 3500 g. He was treated with blood 
transfusions, Darrow’s solution, streptomy- 
cin, penicillin, ete. The urine was not exam- 
ined for sugar. As considerable enlarge- 
ment of the liver was revealed, he was 
transferred to this department at the age of 
3 months. 

On admission, the patient was emaciated, 
pale and flappy. Weight 3950 g, length 55 
em. He could smile and fix his attention 
on objects. The abdomen was large and 
tense. The liver extended to the right iliac 
crest and to the middle of the left costal 
margin. The spleen was palpable 3 cm below 
the costal margin. Ophthalmological exam- 
ination revealed greyish diffuse blurring 
of the central portions of both lenses and 
some blurring more peripherally. Neuro- 
logical examination did not reveal any ab- 
normalities. 
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Protein and galactose were present in the 
urine. As a diagnosis of galactosaemia was 
thus unquestionable, the patient was placed 
on a milk-free diet, following which sugar 
and protein disappeared from the urine. 
The boy began to gain weight and thrived 
satisfactorily. The size of the liver decreased, 
and 4 months later the cataract had disap- 
peared. 

At discharge, the boy, now being 8} 
months old, weighed 7850 g; length 66 cm. 
He was alert, could sit up alone and play 
with toys; he was interested in his surround- 
ings, but did show some retardation both 
in mental and motor development. The liver 
extended 2-3 em below the right costal 
margin, while the spleen was impalpable. 

At a follow-up examination at the age of 
4 years, the somatic condition was satis- 
factory, but some mental retardation was 


noted. 
Laboratory Examinations 
Methods 
The urinary excretion of amino acids 


was studied by two-dimensional 
chromatography on Whatman paper No. 1, 
with phenol-water (3:1, w/v) and pyridine- 
butanol-water (1:1:1, v/v) as the solvent. 
Ninhydrin dissolved in acetone was used for 


paper 


spraying. 

The presence of urinary carbohydrates 
was demonstrated by one-dimensional paper 
chromatography with butanol-pyridine-wa- 
ter (10:5:7, v/v) as the solvent. The spray 
was benzidine-acetic acid, except for the 
demonstration of ketoses, for which naph- 
thoresorcine-trichloracetic acid was used. 

Galactose and glucose in the blood and 
urine were determined quantitatively by 
means of a previously described micro- 
method using glucose oxidase and anthrone 
(SONDERGAARD (26)). 


Results 


As already mentioned, sugar was present 
in the urine during the first few days in 
Hospital while the infant was still on an 


ee 


Fig. 1. One-dimensional sugar chromatogram of 

urine of the patient while on a milk diet. 1, urine: 

2, urine + glucose; 3, glucose + galactose; 4, urine 
+ galactose. 


ordinary milk formula. By determination of 


the melting point of osazone (performed by 
S. Darling, Ph.D.) and paper chromato- 
graphy (Fig. 1), this sugar was identified as 
galactose. No other carbohydrates could bi 
demonstrated in the urine. 

The fasting blood-sugar level (determined 
by the method of Hagedorn and Jensen) 
was 110 mg % and, 3 hours after ingestion ot 
milk, 200 mg %. When the infant was on a 
milk-free diet, glucose-tolerance tests showed 
normal values. 

When the boy had been on a galactose- 
free diet for 5 months, a galactose-toleranc: 
test with 12.6 g galactose (1.75 g/kg body, 
weight) was performed. Eight hours later 
the body temperature had risen to 39°C 
and the patier.t vomited once. On the next 
morning, the temperature had returned t« 
normal, and no other untoward reaction: 
were seen. 

The galactose-tolerance curve (Fig. 2 
was greatly abnormal with a maximun 
concentration of 378 mg % at 90 minutes 


at 2} hours the galactose concentration wa 
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Fig. 2. Galactose-tolerance test. Upper curve: galactose; lower curve: glucose. 


still 266 mg %. During the test, the blood 
coneentration of glucose showed a consider- 
able fall, from 75 mg % to 18 mg % at 120 
minutes, but no hypoglycaemic reactions 
were observed. 

All urine samples collected during the 
first 24 hours after the administration of 
galactose were examined for sugar. The 
amounts of glucose and non-glucose were 
‘ctermined, and at the same time the con- 
‘ontrations of the individual carbohydrates 

ere estimated by means of paper chroma- 

graphy on the basis of the size and in- 
nsity of the spots. A similar quantitative 
stimation of the urinary excretion of amino 

‘ids was done by one-dimensional paper 
hromatography. The concentration of in- 
rganic phosphate was determined in some 
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of the urine samples. The results of these 
examinations are shown in Table 1. About 
one half of the ingested galactose was 
recovered from the urine. In addition, 2.1 g 
glucose was excreted. 

As might be expected, paper chroma- 
tography of the individual urine samples 
(Fig. 3) showed a considerable excretion of 
galactose, which ceased within 25 hours. In 
agreement with the quantitative determina- 
tions, distinct excretion of glucose occurred 
at the same time; it began a few hours after 
the administration of galactose and reached 
a peak at 6 hours, i.e., a little later than the 
maximum excretion of galactose. At 24 
hours, glucose could no longer be demon- 
strated. 

Simultaneously with the decrease in the 
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TABLE 1. Urinary excretion of amino ecids, carbohydrates and inorganic phosphate afte: 
oral administration of galactose. 
Hours after 
administra- Urinary »Galac- Phos- 
tion of galac- output Amino- Glucose tose» phate 
tose ml aciduria % % Fructose mg °% 
] 34 0 0.55 0 
2 ate 35 0.14 5.35 0 10.4 
: 330 20 0 0.14 5.45 0 
4 5 49 (+) 2.59 3.60 (+) 18.3 [ 
5 31 (+) 2.07 3.08 29.3 
6 9 + 0.67 1.15 34.4 
| ae 5 1.78 1.48 ++ 
8 22 29 0.20 0.54 + 66.0 
9 23 8 -- 0.02 0.21 (+) 
10 2445 25 a ec 0.10 0.04 0 28.3 


excretion of galactose, another carbohydrate 
with Reiyc, 1.24 was observed. The spot 
stained reddish yellow with naphthoresor- 
cine, and an aqueous extract of the spot 
gave a positive Seliwanoff reaction. It is 
therefore likely that the carbohydrate was 
fructose. In addition, a very weak spot of 
the same position as xylose was observed. 
Finally, another very weak spot with Rejuc. 
0.56 was seen; it became more distinct and 
reddish yellow on spraying with naph- 
thoresorcine-trichloracetic acid. This sub- 
stance was thus presumably saccharose. 

One-dimensional chromatography (Fig. 4) 
of the individual urine samples showed 


A 1 2 3 4 5 6 7 8 9 10 A 
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Fig. 3. Carbohydrate chromatogram of urine 

during the first 25 hours after oral administra- 

tion of galactose. A, galactose + glucose; for 1-10, 
see Table 1. 


considerable excretion of amino acids. It 
began slightly a few hours after the ad- | 
ministration of galactose; it was most vi- 
gorous at 11—23 hours and was still distinct 
at 25 hours. 

Two-dimensional paper chromatography 
performed 22 hours after the administration 


Fig. 4. Amino-acid chromatogram of the urin > 


during the first 25 hours after oral administr: 
tion of galactose. For 3-10, see Table 1. 
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of galactose revealed the following amino 
acids: alanine, valine, leucine, glutamic 
acid, serine, glycine, glutamine, citrulline (?), 
histidine, tyrosine, aspartic acid, threonine, 
proline, «-aminobutyric acid and cysteine. 

The excretion of inorganic phosphate in- 
creased considerably during the first 24 
hours (Table 1). 

As previously mentioned, the blood con- 
centration of glucose fell during the ga- 
lactose test to 18 mg % without concurrent 
hypoglycaemic reactions. In order to study 
if the infant responded to hypoglycaemia 
when the blood did not contain galactose, 
an intramuscular injection of 9 I.U. of in- 
sulin was given. In a little less than 1 hour, 
at a time when the blood-sugar level was 
39 mg %, signs of hypoglycaemia were ob- 
served, viz. irritability, pallor and motor 
agitation followed by clouding, and later 
complete loss, of consciousness with clonic 
convulsions. The blood-sugar level was then 
18 mg %. These reactions subsided as soon as 
glucose was administered through a stomach 
tube. 


Discussion 


The case history reported above is 
characteristic of congenital galactosaemia. 
The diagnosis could be made on the basis 
of the clinical symptoms and the demon- 
stration of galactose in the urine, so that a 
valactose-tolerance test was unnecessary 
in this case. 

It is sometimes stated in the literature 
that galactose-tolerance tests should be 
omitted in order to avoid that an infant 
vith galactosaemia is exposed to a toxic 
nfluence. However, although methods 
ave now been elaborated by which the 
ciagnosis can be secured without the use 


f galactose-tolerance tests 
lemonstration of an accumulation of 
alactose-l-phosphate in the red_ cells 


viz. by the 


23) or by a specific enzymatic assay 


(1)—these methods are too complicated 
for clinical routine work. As long as sim- 
pler methods are not available, a galactose- 
tolerance test will presumably be required 
in cases of doubt. Administration of ga- 
lactose on a single occasion will scarcely 
do much additional harm in an infant 
who has for some time been on a milk diet. 
On the other hand, a newborn or greatly 
debilitated infant should obviously not be 
exposed to any needless risk. 

The toxic effect of ingestion of galactose 
was seen distinctly in our patient, who 
responded with fever and vomiting to the 
galactose test which was performed after 
the infant had been on a milk-free diet 
for 5 months at a time when the general 
condition was good. 

Fever of unknown cause has repeatedly 
been reported in patients with galactos- 
aemia. Goldbloom & Brickman (8) assumed 
that the cause might be lowered re- 
sistance to infections due to a low serum- 
globulin level. The rise in temperature 
which occurred a few hours after the ad- 
ministration of galactose in our patient 
shows that this reaction may somehow 
be referable to a more direct effect of 
galactose. 

In addition to galactosuria, the chroma- 
tographic studies revealed excretion of 
considerable amounts of glucose. That 
this is not an accidental finding appears 
from the fact that urinary excretion of 
glucose was also observed in another 
patient with this disease (Darling & 
Mortensen (5)). Other authors (3, 19, 25) 
have also observed glucosuria in patients 
with galactosaemia. It is therefore scarce- 
ly justified when Bickel (2) claims that 
urinary excretion of carbohydrates other 
than galactose is suggestive of hepatic 
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disease, whereas only galactose is excreted 
in galactosuria. 

Both the glucosuria, amino-aciduria and 
the increased urinary excretion of phos- 
phate after the ingestion of galactose are 
suggestive of an impairment of the func- 
tion of the proximal renal tubules, reminis- 
cent of the conditions observed in the de 
Toni-Debré-Fanconi disease. The albu- 
minuria which is seen in nearly all cases 
of galactosaemia may possibly also be due 
to a defective reabsorption of protein in 
the renal tubules (Rather (20)). 

In a case of galactosaemia, Butler & 
Flynn (3) observed that the protein ex- 
creted mainly consisted of «,-globulin, 
and made the same observation in other 
diseases associated with renal tubular 
disorders. While Fanconi’s disease is prob- 
ably due to a primary enzymatic defect 
in the tubules, a secondary toxic effect 
of galactose is exerted in galactosaemia, 
since the pathological components disap- 
pear as soon as galactose is eliminated from 
the diet. On the other hand, it can scarce- 
ly be doubted that both the glucosuria 
and the amino-aciduria are of renal origin, 
since the blood concentrations of glucose 
and amino acids are not increased unless 
severe liver damage is present, which is 
rarely encountered in such patients. 

The mechanism of the toxic action of 
galactose on the renal tubules has not yet 
been clarified. It is reasonable to assume 
that galactose to a greater or smaller extent 
blocks the reabsorption of the other sub- 
stances. This might, for example, be the 
vase if the tubules contain a factor which 
is utilised in the reabsorption of several 
different components of the glomerular 
filtrate. However, most investigators who 
themselves with this 


have concerned 


problem (10, 21) express the view that 
competition between galactose and amin 


acids is not a plausible explanation of th 
because this conditio 


amino-aciduria, 
does not occur until the patient has bee 


on a galactose-containing diet for some 


days, and it does not disappear again unt: 
several days after the elimination of ga- 
lactose from the diet. 

The observation that glucosuria and 
amino-aciduria occurred in our patient a 
few hours after the administration of 
galactose and decreased markedly within 
24 hours is in favour of the assumption 
that galactosuria may nevertheless exert 
a competitive action on the reabsorption 
of amino acids and glucose. 

The explanation might be a competition 
for transport through the cell membrane. 
in analogy with the penetration of hexoses 
into erythrocytes and muscle cells (Park 
et al. 18). Intracellular disturbances in 
intermediate metabolism referable to an 
abnormally high concentration of galactose 
or galactose-l-phosphate may also be a 
decisive factor. Sidbury (24) observed that 
galactose-l-phosphate, in erythrocytes in 
vitro from patients with galactosaemia, 
competitively inhibits carbohydrate meta- 
bolism, and Penington & Prankerd (1!) 
found that the concentration of erythro- 
cytic adenosine triphosphate decreases i) 
patients with galactosaemia on a milk dic’. 

Some of the other carbohydrates whic) 


were demonstrated in the urine after tl: 
administration of galactose may possib! v 
have originated from the diet, since tl! ¢ 
patient at the time when these substanc: s 
were excreted in the urine had been givé 1 
his usual milk-free feeding. Althou; 1 
saccharose is normally not absorbed fro 1 
the intestine, this may occur in certa } 
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pathological conditions, such as ‘idiopathic 
saccharosuria’ (14). The excretion of the 
carbohydrates ceased simultaneously with 
the galactose excretion, so that galactose 
must be assumed to be responsible for th > 
urinary elimination of carbohydrates. 

At the present time it is not possible to 
say anything decisive as to the cause of the 
amino-aciduria and melituria; various fac- 
tors may have been contributory. Date (6) 
thus observed melituria in febrile condi- 
tions, and Choremis et al. (4) revealed 
amino-aciduria in thirst fever. 

During the galactose-tolerance test, the 
hlood concentration of “‘true’’ glucose fell 
to 18 mg % without concurrent hypo- 
vlyeaemic reactions. On the other hand, 
after injection of insulin hypoglycaemic 
reactions occurred already at 38 mg % 
(determined by the anthrone method). 
This value is only a few mg % above the 
hlood level of glucose, since the residual 
sugar in this patient had repeatedly been 
determined as 5-6 mg %. Thus, it cannot 
he doubted that symptoms of hypo- 
insulin 


slyeaemia after the injection 


developed at a glucose concentration 
which was higher than that we observed 
during the galactose-tolerance test without 
accompanying hypoglycaemic symptoms. 

Hypoglycaemia during galactose-toler- 
ince tests in patients with galactosaemia 
has repeatedly been mentioned in the 
‘iterature, sometimes even with very low 
values without hypoglycaemic 
reactions. Even though we made the same 


‘lucose 


‘yservation in our previous patient (16), 
e did at that time express scepticism as 
0 the exceptionally low blood-glucose 
evels, because the usual technique with 
emoval of glucose by means of yeast in- 
‘olves certain sources of error. 
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On the basis of animal experiments it 
must be expected that galactose is capable 
of counteracting hypoglycaemic reactions 
only to the extent it is converted into 
glucose. Thus, Noble & Macleod (17) ob- 
served hypoglycaemic convulsions in rats 
in spite of a high blood concentration of 
galactose, and Maddock et al. (13) found 
that galactose was unable to abolish the 
hypoglycaemic changes in the EEG from 
hepatectomised animals. Following an 
insulin injection into a child with galac- 
tosaemia, Greenman (9) observed hypo- 
glycaemic reactions in spite of an increased 
level of total blood sugar. 

In order to avoid the sources of error 
involved in the use of yeast, we used 
glucose oxidase in this patient and found, 
as previously mentioned, considerable hy- 
poglycaemia with 
manifestations. The same phenomenon 
has been observed by other authors. On 
the other hand, Townsend et al. (27) and 
Holzel et al. (10) observed hypoglycaemic 
convulsions after administration of galac- 
tose in children with galactosaemia. The 


unassociated clinical 


problem as to whether galactose in some 
patients with this disease may afford 
protection against the development of 
hypoglycaemic symptoms is as yet un- 
solved. The cause of the hypoglycaemia is 
also unknown, but Isselbacher (11) sug- 
gests that it may be referable to increased 
insulin secretion from the pancreas due to 
a high blood level of galactose. Dormandy 
et al. (7) found that intravenous injection 
of galactose resulted in hypoglycaemia in 


normal subjects. 
Summary 


A case of galactosaemia in a 3-month- 
old boy is reported. A galactose-tolerance 
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test performed after the patient had been 
on a milk-free diet for 5 months showed 
a markedly pathological result, and pro- 
nounced hypoglycaemia without corre- 
sponding clinical symptoms was observed. 
Glucose oxidase and anthrone were used 
for the blood-sugar analysis. A few hours 


after the administration of galactose, 
paper chromatography showed consider- 
able amino-aciduria and excretion of 
galactose, glucose and a few other car- 
bohydrates; the excretion of phosphate 
likewise increased. 
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C. G. Bergstrand and O. Qvist: Late prog- 
nosis of operatively treated bilateral cryp- 
torchism 


During the 12-year period from 1934 
through 1945 fortyfour boys with bilateral 
cryptorchism were operated at Kronprin- 
sessan Lovisas Barnsjukhus. At a follow-up 
study 1959 it was possible to trace all pa- 
tients but 3. Two patients were excluded as 
they were still too young. The remaining 39 
patients (operated upon at an age of 3 to 14 
years) were divided into four groups: fertile, 
possibly fertile, sterile and probably sterile 
patients according to certain criteria. These 
were paternity, testicular findings and _ if 
available sperm-counts. It is concluded that 
in this material between 35 and 55 per cent 
of the patients were fertile. The study also 
suggests that a correct anatomical result of 
the operation is of great importance for 
future fertility. 


Discussion. B. Vahlquist: There does 
seem to be a connection between the opera- 
tive result and fertility. Is there any con- 
nection between the original position of the 
testicle and the operative result? — Berg- 
strand: The question is not quite so simple 
to answer from the foregoing material. In 
zeneral it seems likely that a more fa- 
vourable ‘‘initial position” will give a better 
yperative result than will be the case if the 
testicle lies, for example, in the abdomen. 
\ primary satisfactory operative result, 
sught to indicate future fertility, but does 
not guarantee it. — R. Lundstrém: Since a 
significant number of cases of eryptorchism 


undergo spontaneous descent of the testicle, 
any consideration of the prognosis in early 
as opposed to late operation, must take ac- 
count of the fact that with early operation 
one would operate on cases that would have 
undergone spontaneous correction. A priori 
one ought therefore to expect a better prog- 
nosis in those operated early, as opposed to, 
late, without allowing for the operation itself. 
— Bergstrand: That is certainly correct, but 
the difficulty lies in deciding in which cases 
spontaneous descent will ensue. Neither is 
spontaneous descent a guarantee of fertility. 
In this respect, the time of descent of the 
testicle probably plays a very important 
role. — K. Kaijser: Can one from the above 
material draw any conclusions about the 
most suitable age for operation in a boy with 
bilateral eryptorchism, in order that he may 
have the best prospects for fertility as an 
adult? — Bergstrand: No, the material is 
too small to allow definite conclusions on 
this point. There is, however, no tendency 
for a poorer result in those cases where 
operation was carried out relatively late. 


B. Blomquist, R. Lundstrém and C. Thorén: 
Passive Immunization Against Rubeola in 


Pregnancy. A Follow-Up Study. 


In the course of a rubeola epidemic in 
Sweden in 1950-51, encouraging results 
were obtained with the use of convalescent 
serum. With a new epidemic of rubeola in 
1955-56, pregnant women who had never 
had the disease, and had been exposed to it 
in any of the first four months of pregnancy 
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were given 4 ml of immune globulin at the 
Crown Princess Louise Children’s Hospital. 
Seven cases (2,8%) of rubeola occurred 
among 252 women thus treated, all of whom 
received treatment within a week of expo- 
sure. Follow-up study of the children of these 
women was performed between 2 and 4 
years of age. Hearing defect and chorio- 
retinitis was found in one of the children 
of the mothers who developed the disease 
despite prophylactic treatment. Among the 
245 women who did not develop the disease 
after prophylaxis, there was also one case 
with malformations of the rubeola type, 
namely showing cataract and a congenital 
heart lesion verified at post-mortem exa- 
mination. Furthermore, there was in this 
series one small polar cataract, as well as 
one case with a mild ventricular septal 
defect of the Roger type. During the course 
of the epidemic the available supply of im- 
mune globulin (SBL) was exhausted. Twenty 
seven women therefore received ordinary 
gamma globulin (KABI). In this group there 
were no cases of rubeola nor of rubeola 
damage in the children. Thirty women who 
became ill with manifest rubeola were trea- 
ted with 12 ml of immune globulin. In four 
of the children of this group, follow up study 
revealed damage of the rubeola type. The 
follow up examination is as good as complete, 
as only one of the children in this series 
has eluded medical examination. It appears 
reasonable to suppose that immune globulin, 
in the employed dosages, as well as gamma 
globulin, prevented the appearance of mani- 
fest rubeola to a certain extent. The occur- 
rence of typical and grave stigmata of the 
rubeola type in one of the children would 
indicate that the mother’s illness in this case 
ran a subclinical course. The experience with 
this group has motivated an increase in the 
dose of immune globulin in rubeola prophy - 
laxis to 12 ml. On the other hand, in this 
series, 12 ml of immune globulin given to 
women with manifest rubeola did not ob- 
viously reduce the expected frequency of 
rubeola embryopathy. 

Discussion. B. Vahlquist: Two questions. 
How late in the incubation period can one 
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give immune globulin and still expect a goo: 
result? What are the results of investigation 
in other countries.? R. Lunstrém: Th: 
incubation period of rubeola has been show: 
to have individual variations, and there dor 

not exist any experimental work which ha. 
defined the time periods in question as has 


been done for measles. The reeommendations 
we follow are: Immune globulin should bh: 


given as soon as possible after the exposure 
and at most no later than 8 days following it 
If rubeola occurs when the immune globulit 
has been given later, it should thus not be 
considered as a failure. Experiences from 
other countries are not easy to interpret. 
likely as a result of the varying dosages and 
qualities of the immune globulin used. 


S. Séderlund: Some Views on the Differ- 


ential Diagnosis of Moist Navels 


The commonest causes of a moist navel 
are infections and anomalies. Infections of 
a severe type are now uncommon. Milder 
infections occur with granuloma formation. 
In deep, whorled, navels dermatitis not un- 
commonly occurs. The anomalies which can 
result in a moist navel are patent ductus 
omphalo-entericus and patent urachus. At 
the surgical clinic of Kronprinsessan Lovisas 
Barnsjukhus we have, in the 17 year period 
from 1943-1959, treated 33 cases of moist 
navels. The cause in 24 cases was an om 
phalo-enteric duct or a patent urachus. In 
7 cases the omphalo-enteric duct remained 
in its entirety and was open at both th 
navel and the small intestine (fistula ompha 
lo-enterica totalis). In 4 cases the ompha 
loenteric duct was open only at the nave 
and ended blindly extraperitoneally (fistul: 
omphalo-enterica partialis). A patent urachu 
was found in 13 cases. In two of these cas¢ 
the passage was open both at the bladd 
and at the navel (complete urachal fistula 
In the other 11 cases the patency was presen 
only at the navel (partial urachal fistula). I 
one case the patient bled from a persisten 
umbilical artery. As a question of differen 
tial diagnosis, severe infections and derma 
titis pose no problem. In the other cases i 
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nay be difficult to determine if a fistula ex- 
ists. The opening of the fistula may be dif- 
ficult to discover, and part of the duct can 
nave prolapsed and be mistaken for a granu- 
ioma. Of the 24 cases with a fistula, 6 were 
interpreted at the beginning as granulomas 
and cauterized. In the case of both omphalo- 
enteric fistula and urachal fistula the navel 
secretion is usually discovered in the first 
weeks of life. To determine whether the fis- 
tula originates from an omphalo-enteric 
duct or a patent urachus, the type of secre- 
tion is important. Intestinal contents speak 
for a total omphalo-enteric fistula. On the 
other hand, with thin, liquid, clear or puru- 
lent secretion, the fistula can originate either 
from the omphalo-enteric duct, or from the 
urachus. Fistulography is a useful diagnostic 
adjunct, but if the passage is small it is not 
always possible to force the contrast medium 
through it. If a patent urachus is the case, 
the diagnosis can sometimes be established 
by eystography. Probing is to be avoided, 
as there is a risk of perforation, and as prob- 
ing does not make any noteworthy contribu- 
tion to the diagnosis. A partial omphalo- 
enteric fistula can become entirely prolap- 
sed. This will result in a pedunculated tumor 
without a fistula. Without microscopic 
examination it is usually not possible to 
decide whether a _ red, glistening, moist 
tumor in the navel is a true granuloma or 
represents the remains of an omphalo-enteric 
duct or a urachus. True umbilical granulo- 
mas are probably rarer than has hitherto 
been supposed. Of the 33 cases with moist 
navels we were unable, in 8 cases largely 
hecause microscopic examination was lack- 
ing, to decide whether infection or an ano- 
maly was responsible. In the case of a fistula, 
the therapy is surgical with excision of the 
fistula. With a partial omphalo-enteric fis- 
‘ula laparotomy should be carried out, as a 
Meckel’s diverticulum may be present. This 
vas the case in two patients with such a 
istula where laparotomy was_ performed. 
‘omplete omphalo-enteric fistula must be 
yperated upon as soon as is possible, as se- 
ious complications otherwise can occur. In 
sur material there was one case of prolapse 


of the intestine, and another of beginning 
intestinal obstruction because of a kinking of 
the intestine. In the case of a urachal fistula 
or a partial omphalo-enteric fistula operation 
can be postponed until the child is older. A 
risk of infection is present with long delay. In 
this series of 33 cases there were no deaths. 


Ake Lundberg: Smoking Habits in a Girl’s 
School 


Sixty-six school-girls between the ages of 
13 and 15 years, as well as 75 girls aged 
17-20, were interviewed with regard to 
their smoking habits. The answers were not 
anonymous as the smoking habits were cor- 
related with certain facts in the health and 
report cards. Three per cent of the younger 
girls smoked daily, 70 % never. Of the older 
girls 24% were habitual smokers while 
25 % denied smoking at all. The frequency 
information correlates well with other in- 
vestigations, both within the country and 
from foreign sources. The parents’ smoking 
habits probably exerted the most influence 
on those children who were occasional smo- 
kers. While the non-smokers and the habi- 
tual smokers were largely influenced by the 
habits of their friends. Daily cigarette con- 
sumption was moderate: from 1-5 a day. 
This may be a favourable prognostic sign, 
if prophylaxis were to be directed towards 
the younger individuals where the habit has 
not been firmly established. Eighty-nine 
per cent of the habitual smokers inhaled. 
Occasional smokers as well as habitual smo- 
kers showed, on the average, 10-15 more 
hours of absence per school year. The reports 
for schcol work and for gymnastics were not 
different for the smokers and the non-smo- 
kers. Precordial pains were three times as 
common in those that smoked. The connec- 
tion can probably be found in the neuro- 
asthenic constitution which favours the ag- 
gravation of these symptoms, as well as the 
increased tendency for tobacco smoking. In 
the older group there were 20 girls who weigh- 
ed 5 kg or more over the average weight, 
and 14 girls who weighed 5 kg, or more less 
than the average. The underweight ones 
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were twice as commonly non-smokers com- 
pared with the overwight and normal 
weight girls. An asthenic constitution pro- 
bably plays an important role for the ex- 
planation of this fact. The occurrence of 
head trauma as well as headaches without a 
previous history of concussion, was found 
oftener among those girls who smoked. 


K. M. Herrlin, B. Karlsson and G. Sterky: 
The EEG in Juvenile Diabetes Mellitus of 
Long Duration 


Of 80 patients with juvenile diabetes 
commencing prior to 16 years of age and of 
at least 15 years duration, 32 (40%) had a 
normal EEG and 25 (31 %) had a pathologi- 
cal EEG with focal abnormalities in 12 cases, 


episodic dysrhythmia in 8 cases, general con- 
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tinuous dysrhythmia in 4 cases, and parox- 
ysmal epileptogenic activity in 1 case. I) 
23 cases (29%), the EEG was classified es 
borderline. The EEG was recorded at res’, 
under hyperventilation, and on photost.- 
mulation with a stroboscope. The EEG 
findings were correlated with sex, age at 
onset, duration of illness, patient’s age at 
examination, occurrence of insulin or dia- 
betic comas, occurrence of angiopathy, chol- 
esterol level in the blood as well as the blood 
sugar level during the examination. These 
showed only that the occurrence of a patholo- 
gical EEG was commoner in women than in 
men (40 % as opposed to 22 %). No correla- 
tion with the other factors was found. It is 
notable that the duration of the disease 
could not be correlated with the occurrence 
of a pathological EEG. 


Finnish pediatric association 


Meeting February 13, 1960 


R. S. Illingworth (Sheffield, Great Britain): 
The Difficulties of Developmental Predic- 
tion 

Disagreement was expressed with those 
who have said that developmental tests in 
infancy are of no predictive value. The 
reasons for disagreement were given, and 
figures were shown, indicating that mental 
retardation can be diagnosed with a high 
degree of accuracy in the first year, exclud- 
ing mongols, cretins and hydrocephalics. 

Developmental prediction must be based 
on the history, physical and developmental 
examination, and on the interpretation of 
one’s findings. It must never be based on 
clinical impression. One must be sure that 
one has elicited the baby’s maximum per- 
formance in each field of development: that 
due allowance has been made for prematu- 
rity, any illness, error of management, phy- 
sical or sensory defect which may have 
affected his development: and one must 
know the relative significance and import- 


ance of different fields of development. 
Gross motor development is the least valu 
able field for predictive purposes: some 
mentally defective children are able to sit 
and walk at the usual age. Of far more 
importance is the child’s interest, alertness, 
ability to imitate, concentration, vocalisa- 
tions and later speech; manipulative deve- 
lopment and chewing are also useful field 
for study. 

One must always remember that delaye:' 
maturation may occur, so that a child 
appears to be seriously backward in the 
early months but proves to be normal o 
nearly normal later: this delayed maturatio: 
is liable to occur in cerebral palsy. Ther 
may be deceptive periods in which the chil: 
apparently stops developing and retardatio 
in single fields of development is commor 

What we attempt to do is to assess th 
child’s developmental potential; but we ca: 
not predict what illnesses he will have 1 
the future and which will affect his progress 
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we cannot predict the environmental factors 
at home and at school which will affect his 
performance. We cannot predict his perso- 
nality which will affect his future. 

It was emphasised that success and even 
genius is certainly not just a matter of the 
intelligence quotient: there are many other 
factors involved. In any case there is a great 
difference between intellectual success— 
success in work—and emotional success— 
success in human relationships. For many 
reasons we cannot predict genius; but we 
can predict mental backwardness. 

Discussion. A. Ylppé: In some cases the 
prediction of development in children is 


relatively easy as in mongoloids, cretins and 
similar well defined abnormal conditions. 
But it is very difficult in children who have 
recovered from infections or traumatic lesions 
with some residual defects. Very often such 
defects are isolated residuals and do not 
prevent normal development in other re- 
spects. — R. S. Illingworth: I completely 
agree with professor Ylpp6 that very often 
in such cases the developmental possibilities 
are underestimated. We once treated a new- 
born child who was asphyctic and not 
breathing for 60 minutes. He nevertheless 
developed into a perfectly normal child. 


Meeting April 23, 1960 


VM. Sulamaa: Tension Emphysema and 
Diaphragmatic Relaxation as Surgical Emer- 
gencies in Infants 


It has not been easy to make a correct 
diagnosis and to decide the indications for 
operative treatment in cases of respiratory 
distress due to a tension cyst, lobar emphy- 
sema or a congenital diaphragmatic even- 
tration. Since 1952 a gradually increasing 
number of cases have been brought to our 
surgical department at the same time as our 
attitude has become more active. The 
material comprises 10 cases of pulmonary 
tension emergencies and 12 cases of total 
diaphragmatic relaxation in infants under 9 
months of age. The clinical picture was in 
most cases dominated by respiratory diffi- 
culty that had set in at a comparatively 
early age. Cyanosis was often present, parti- 
cularly when the baby cried, and respiratory 
infections tended often to confuse the clinical 
picture. The symptoms were mostly pro- 
zressive and they often occurred in bouts. 
Che diagnosis of diaphragmatic relaxation is 
asy on X-ray pictures. The plication of the 
‘hin membranous diaphragm to the normal 
evel through thoracotomy is a simple and 
mostly successful operation. Our material 
contains, however, also cases where respira- 
tory and circulatory disturbances in new- 
born babies had been interpreted as asphyxia 


(without X-ray examinations) and a correct 
diagnosis and treatment had been missed 
until an autopsy was made. The X-ray 
diagnosis of lobar emphysema and tension 
cyst may be more difficult. Compensatory 
emphysema present together with atelecta- 
sis, pneumothorax and atelectasis caused by 
foreign bodies or staphylococcal pneumonias 
may produce differential-diagnostic difficul- 
ties. Typically the radiographs showed an 
emphysematous pulmonary lobe or tension 
cyst. The tension displaced the mediastinum 
to the opposite side and the other ipsilateral 
lobes were atelectatic. The interpretation of 
the clinical and the roentgenological signs 
was, however, often confusing. Resection of 
the affected lobe was followed by recovery 
in 4 cases. Some of the 6 fatal cases were 
referred too late or the symptoms were mis- 
interpreted. Summarizing, a lobar emphy- 
sema or tension cyst and a total diaphrag- 
matic relaxation in infants are surgical 
emergencies if there is respiratory distress 
and mediastinal displacement. The diagnosis 
of tension emergencies might be difficult, but 
an early resection gives excellent results. The 
diagnosis of relaxation is easy to make and 
the surgical correction with simple plication 
of the diaphragm through thoracotomy is 
mostly successful even in newborn babies. 
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K. V. Parkkulainen: Present Treatment of 
Esophageal Atresia 


In the decade 1947-1957, 130 cases of 
esophageal atresia were treated at the 
Children’s Hospital, Helsinki. The survival 
rate was appr. 25 per cent. In the years 
1958-59, 51 additional cases were seen with 
a survival rate of 45 per cent. In consequence 
of the experiences gained, the main points 
of the present treatment are scheduled as 
follows: Preoperative diagnosis is made with 
esophageal catheterization and by plain 
thoraco-abdominal roentgen examination 
without contrast meal. No preoperative 
hydration. Emergency operation by extra- 
pleural route without gastrostomy. A soft 
nasal feeding catheter through the esophagus 
into the stomach. Postoperatively no paren- 
teral fluids, instead early feeding through 
the nasal catheter. Five per cent glucose 
dropwise by mouth. Oral feeding past the 
catheter begun on the tenth to twelfth post - 
operative day. Feeding catheter removed 
after three to four weeks. However careful 
the treatment of patients with esophageal 
atresia, there will always remain a certain 
mortality of ca. 30 per cent owing to un- 
avoidable fatal complications (e.g. massive 
bilateral pneumonia) and to fatal associated 
anomalies. Using the schedule outlined above 
we think that our results will improve. This 
is shown by the last 25 cases in 1959-60, 
with 10 deaths, i.e. a 40 per cent mortality 
rate. 


G. R. Wallgren and K. Salmenkivi: On Ac- 


quired Gallbladder Diseases in Children 


Seven cases of acquired gallbladder dis- 
ease in children treated at the Aurore 
Hospital surgical department between 1956 

60 are presented. Of these 4 had gallstones 
and 3 had cholecystitis. The clinical course 
is described and a review is given of the 
literature where about 370 cases of this kind 
are described up to 1958. The incidence of 
gallbladder disease at autopsy of children 
has been reported as 0.28%. Special features 
of the disease in children are discussed and 
the conclusion made that it is by no means 


a rarity and should be kept in mind whe: 
making the differential diagnosis of abd« 
minal pains in children. 


L. Hjelt, M. Niemi and K. Kouvalainen 
On the Cholinesterase and Monoamino Oxi 
dase of the Colon in Hirschsprung’s Diseas: 


The cholinesterase and monoamino oxidas:: 


content of the colon were studied by histo 
logical methods in 12 operated cases oj 
congenital megacolon. Acetyl cholinesteras: 
was found in the ganglions of the myenteric 


plexus even when no ganglion cells were 


detectable. This suggests the presence ot 
ganglion cells even in the narrow segment 
of the megacolon though they may be located 
more proximally than usually. Non-specific 
cholinesterase was found diminished 
amounts in ganglions without ganglion cells. 
In the longitudinal muscle of the narrow 
segment a very pronounced non-specific 
cholinesterase activity was observed which 
might explain the dysfunction of this muscle. 
Monoamino oxidase was not found at all or 
in very small amounts in the ganglions of 
the narrow segment, whereas its activity 
was Clearly increased in the dilated segment. 


E. I. Wallgren: Orthostatic Changes in Blood 


Pressure in Patent Ductus Arteriosus 


(To be published in Finska_ Likaresiill. 
skapets Handlingar 1960.) 


P. Louhivuori: Recent Statistical Data on 
Infant Mortality in Finland 


The decrease in infant mortality in Fin 
land from 1950 to 1959 has been remarkable 
Having been 4.3% in 1950 it was only 2.4° 
in 1959. The decrease was most marked ir 
infants over one week old. The decrease it 
perinatal mortality has been insignificant 
The statistics clearly show the increasin; 
tendency for the first week of life to contan 
the greatest risk of death for infants. Com 
paring rural and urban infant mortality th 
latter was shown to have been higher up t: 
the late twenties, whereupon it has bee 
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lower in urban areas, the difference being 
uow 0.4%. Geographically there was a dis- 
tinct difference between southern and 
northern parts of the country. Infant mor- 
tality varied from 2.7 to 3.1% in districts 
around the Polar Circle whereas it was from 
1.7 to 1.9% in Southern Finland. Nativity 
has shown a steady decrease, having been 
24.3% in the average between 1941 and 


1950 it was 18.4%, in 1959. 


K. Lapinleimu: Isolation of Enteroviruses 


in Finland in 1959-60 


Between September 1959 and March 1960 
802 throat swabs and 440 faeces specimens 
were sent to the State Serum Institute for 
virus isolation. From the throat swabs an 
enterovirus (ECHO 9) could be isolated only 
once. The faeces specimens were from 361 
patients. From these a virus could be isolated 
in 136 instances, the majority—106—being 
Polio I. ECHO 9 was isolated from 8 speci- 
mens, ECHO 11 from 2, ECHO 7 from 3 and 
in 17 cases the virus could not be identified. 
The geographical distribution was even for 
all viruses. 


K. Penttinen, I. Rantasalo, L. Saxén and 
1. Ojala: The Prevalence of Anti-ECHO 9 
Virus Antibodies and its Correlation to the 
Occurrence of Congenital Malformations 


(To be published in Ann. Paediatr. Fenniae.) 


I. Rantasalo: On the Occurrence of Sonne 
Nysentery in Finland in 1959 


(To be published in Duodecim 1960.) 


Vf. Kunnas: A Statistical Study on Prema- 
turity in Finland 

The material included 4692 prematurely 
orn children divided into four groups 
.ccording to birthweight: Group I ( < 1250 g) 
sl children; Group II (.251-1500 g) 264 
‘hildren; Group III (1501-2000 g) 1080 
‘hildren; Group IV ( > 2000 g) 3267 children. 
Each group contained full-term children 


(2, 3, 30 and 190 children) as well as children 
with a relatively short gestational age, i.e. 
under 30 weeks (27, 48, 44 and 22 children). 
One thousand and fifty-five were children 
of mothers with toxaemia, they were evenly 
divided among the groups. Seven hundred 
and sixty-two mothers had other illnesses 
during pregnancy, of these 120 were infec- 
tions, equally divided among the groups. 
There were 1160 twins of whom 31% (355) 
belonged to Group III. Thirty-six per cent 
(1762) of the children neither walked nor 
spoke at the age of one year. Such children 
made up half of Group I, in the other groups 
their percentage was 36, 41 and 34. The 
material included 23 children with cerebral 
palsy, 47 with malformations and 14 with 
severe mental retardation. 


H. Tallqvist and H. R. Nevanlinna: Iron 


Poisoning 


(To be published in Ann. Paediatr. Fen- 
niae 1960.) 


J. Visakorpi and S.C. Ohman: Hartnup’s 
Disease 


(To be published elsewhere.) 


M. Paatela: On the Morphology of the 
Nephron 


The morphology of nephrons in children 
of various age groups was studied with the 
microdissection method. Normal as well as 
diseased kidneys were included. The neph- 
rons of prematures are short and rather un- 
differentiated in structure. Those of the full- 
term newborn and of infants resemble those 
of the adult in pattern but are still consider- 
ably shorter. An attempt to localize the 
lesions in the epithelial structure of the 
nephron in some renal disorders was shown. 
The material consisted of 15 cases of con- 
genital nephrosis, a few cases of lipoid ne- 
phrosis and one case of each of renal aci- 
dosis, acute tubular necrosis, nephrocalci- 
nosis, Lignac-Fanconi’s disease and Hart- 
nup’s disease. The study is still in pro- 


gress. 
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K. Kouvalainen: Experimental Congenital 
Nephrosis 


An attempt to produce congenital nephro- 
sis in rats by means of substances known to 
produce nephrosis is described. The admi- 
nistration of aminonucleoside of Stylomycin 
(Lederle) to rats during pregnancy caused 
death of the offspring 1-4 days after birth. 
In their kidneys slight nephrotic changes 
could be detected. I!%!-labeled globulin of 
anti-ratkidney serum passed through the 
placenta as of the rat soon after intravenous 
injection it could be demonstrated in great 
amounts in the placenta and in the fetuses. 
Studies on the effect on the offspring of 
administering nephrotoxic serum to preg- 
nant rats were outlined as well as studies on 
the electron-microscopic changes produced 
in fetal ratkidneys by aminonucleoside. 


T. A. Miettinen and J. Perheentupa: Serum 
Protein-bound Carbohydrates and Muco- 
proteins in Normal Newborns and in Patho- 
logical Neonatal Jaundice 


Total protein, mucoprotein, protein-bound 
hexose, hexosamine, sialic acid and fucose 
were studied in sera of normal and patho- 
logically icteric newborns. Corresponding 
assays were made in mothers of normal in- 


fants at delivery. In this report sialic aci 
(SA) represents the protein-bound carbo- 
hydrates. The values for SA and muco 
protein (Mp) in maternal sera were abou 
two times higher than those in umbilicai 
cord blood. A significant increase was obser- 
ved during the first week of life especially 
if the values are expressed per protein. In 
erythroblastosis fetalis due to Rh-immuni- 
zation SA and Mp had a tendency to low 
values in infants with low serum bilirubin. 
The decrease of Mp here seemed to be greater 
than that of SA. Newborns with ABO- 
incompatibility and cases of pronounced 
jaundice with no detectable immunization 
had normal or slightly elevated values. A 
significant increase of SA and Mp was ob 
served in those individuals of the above- 
mentioned groups, who had elevated directly 
reacting bilirubin suggesting intrahepatic 
biliary obstruction. The generally reported 
decrease of Mp in hepatitis was not con- 
firmed in this study as all cases of hepatitis 
diagnosed clinically and with current labo- 
ratory methods had normal or elevated 
concentrations of SA and Mp. Further stu- 
dies on this question are in progress. Marked 
ly high values were detected in one case of 
biliary atresia, the diagnosis was verified at 
operation. 
T. Kantero, Helsingfors 
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BOOK REVIEWS 


Crundler-Seige: Kinderheilkunde—Diagno- 
stik-Therapie—Prophylaxe. 


Hippokrates-Verlag G.m.b.H. Stuttgart 1959. 
Price DM 29:—. 


Prof. Grundler and Dr. Seige have pub- 
lished a manual of pediatrics, about 800 
pages, in pocket-size. For medical students 
and general practitioners this volume is a 
valuable consultant source in checking the 
knowledge they have from textbooks. Each 
chapter also has a short bibliography. 


Ole Wasz-Hockert, Helsingfors 


Child Development. An International Me- 
thod of Study. Edited by Frank Falkner. 


S. Karger. Basel/New York. 1960. Price sfr. 


50:—. 


This is the first comprehensive report of 
the Growth Study performed in London, 
Zurich, Paris, Bruxelles, Stockholm, Dakar, 
Kampale and Louisville sponsored by the 
International Children’s Centre in Paris 
under the direction of Professor Robert 
Debré. Professor Debré has written forword 
and Doctor Falkner, who is the co-ordinator 
of the study, an introduction and the his- 
tory of the development of this international 
study. Hiddley (London team) discusses, 
in General Considerations, the longitudinal 
study contrasted to the _ cross-sectional 
tudy of growth and problems related to the 
echniques. Falkner (Louisville team) pre- 

‘nts some of the methods and Graffar 
Bruxelles team) gives an interesting report 
‘f the social study and Hindley of the psycho- 
gical investigations carried out. Falkner 
escribes the somatic investigations. The 
pecial problems and the adaptation of the 
nethods used with regard to growth study 
‘n underdeveloped countries are stressed by 
‘énécal (Dakar team). Dean (Kampala team) 


devotes a chapter to the effects of malnutri- 
tion on the growth of young children. Ferrel 
(Louisville team) and Karlberg (Stockholm 
team) have contributed a discussion on 
practical problems regarding recording and 
analysing of the data of research. The last 
100 pages of the book contain appendices 
related to the methodology and the question- 
naires used in this important international 
study. 


The thyroid gland 


British Medical Bulletin. Vol. 
May 1960. Price £ 1. 


16° No: 2. 


In the series of review articles published by 
the Medical Department of the British 
Council as the British Medical Bulletin, 
this year’s May number is devoted to pro- 
blems concerning the thyroid gland. Sir 
Charles Harington says in his introduction 
that during the past ten years research on 
the thyroid gland has developed in many 
directions and to a much greater extent than 
might have been foreseen. The papers con- 
tained in this number indeed reflect these 
facts. 

The contributors are leading British spe- 
cialists in the field of thyroid research and 
most of the more important and recent work 
is covered. Several articles have a special 
interest from the paediatric point of view. 
To these belongs the paper on the passage 
of thyroid hormone from mother to foetus by 
Osorio & Myant and ‘Sporadic goitrous cre- 
tinism’’ by McGirr. Trotter is dealing with 
the problem of deafness associated with 
thyroid dysfunction. Of great general in- 
terest are the papers on thyroid auto-im- 
munity, biosynthesis of the thyroid hor- 
mones and genetic factors in thyroid diseas- 
es. It is not possible to mention all the con- 
tributions in a short review but it may be 
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said in summary that the high standard of 
the content of this number makes it easy to 
recommend. 


C. G. Bergstrand, Stockholm 


Daniels Stowens: Pediatric Pathology 


The Williams and Wilkins Company, Bal- 
timore 1959, 676 pages. Price Sw. crowns 
120: 90. 


As stated in the preface “‘this is a work 
devoted to anatomic appearances with re- 
spect to diseases of childhood”. These dis- 
eases are discussed in 35 chapters. 

It is not easy to write a book about pe- 
diatric pathology to include everything that 
is important without making the book too 
extensive and too expensive. On the other 
hand, a book only listing the diseases and not 
describing and discussing them would be of 
little value. It is impossible to write a book 
about pathology and stating opinions every 
pathologist would agree with. In this book 


the author has not only described the path: - 
logy but also has given his personal opinic 
in several instances. This makes it probab 


that opinions of the readers will differ in s«- 
veral areas from the author’s opinions but :.s 
is generally known pathologists seldom agri e 
on every question. There are some statemenis 
without proof, and the reader would be ii- 
terested to find out more about the basis of 
the opinion of the author, but this is not al- 
ways possible since references do not con- 
tain the name of the original paper. How- 
ever, it is good for a reader interested in 
pediatric pathology to see opinions differing 
from those of his own. Further this makes the 
book fresh and interesting and shows that 
the author has done some thinking and not 
only collected facts. 

The book is warmly recommended to 
pathologists who deal with its pediatric 
subspecialty and for pediatricians interested 
in knowing more about the anatomy of the 
diseases of children. 


E. K. Ahvenainen, Helsingfors 


ANNOUNCEMENT 


Teratology Society 


For several years scientists interested in 
basic problems of congenital malformations 
have held informal conferences in’ which 
questions of common interest were discussed. 
Anatomists, biochemists, embryologists, ge- 
neticists, obstetricians, pathologists, pedia- 
tricians, plastic surgeons and others at- 
tended these conferences which were in 
part supported by the Association for the 
Aid of Crippled Children, New York, N.Y., 
and the Human Embryology and Develop- 
ment Study Section of the National Insti- 
tutes of Health. With the increased interest 
in recent years in this area, it was felt that 
there was a need for a Society to hold regular 
meetings in which investigations concerned 


with etiology and morphogenesis of conge- 


nital malformations could be presented an 
discussed. Following the fourth teratology 
conference, which was held at the Memori:! 
Sloan-Kettering Cancer Center in New Yor 


City and attended by 76 scientists froi 
Canada, England, France, Germany and t] 
U.S.A., “The Teratology 
formed for the purposes outlined abov». 
Josef Warkanay, M. D., Cincinnati, wis 
about Tie 


Society” wis 


elected President. Inquiries 
Teratology Society should be directed to I 

Marjorie M. Nelson, Department of An - 
tomy, School of Medicine, University 


California, San Francisco 22, Calif. 
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rom the Department of Paediatrics, University of Gothenburg, Gothenburg, and the 
Paediatric Clinic, Karolinska Sjukhuset, Stockholm, Sweden 


Hashimoto’s Disease in Childhood 


A Clinical and Immunological Study of Five Cases 


by GUNILLA BERGLUND, OVE BROBERGER and ROLF ZETTERSTROM 


In 1912 Hashimoto (10) described a 
goitre characterized by the formation of 
lvmph follicles in the thyroid, an increase 
in lymphocytes, and subsequent marked 
fibrosis and destruction of the thyroid 
follicles. Almost 20 years elapsed before 
any new cases were reported, since then, 
however, a great number have been com- 
municated. At present the disease is not 
considered to be exceptionally uncommon; 
in the material collected by Statland, 
Wasserman & Vichery (19), Hashimoto's 
disease was found to be the cause of 1.4 % 
of all thyroidectomies. The etiology, which 
earlier was a matter of controversery, 
is still obscure, although the demonstra- 
tion of cytotoxic antibodies against thy- 
vid tissue in serum from patients with 
‘lashimoto’s disease gives strong evidence 

x the participation of an auto-immunisa- 
on mechanism in the pathogenesis of the 
isease (5, 13, 15, 16, 17, 18, 22). 

The course of the disease is a slow one. 

‘sually an enlargement of the thyroid 

ill appear, in some cases it may be rath- 
r insignificant, in others so pronoun- 
ed that it will cause compression. Si- 
nultaneously the gland becomes firmer. 
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There is no pain. As shown by various 
tests, thyroid function is already im- 
paired in the early stages of the disease, 
but hypothyroid symptoms appear only 
gradually. 

Hashimoto’s disease affects mainly el- 
derly women, but it may also appear in 
younger age groups and in men. It is said 
to be rare in childhood (23). In a study of 
605 cases 3 were below the age of 10 years 
(23). 


In other studies which included children 


All were girls, 8 or 9 years old. 


only girls have been reported as being 
affected (9, 19). 

In this communication the clinical and 
other findings in Hashimoto's disease as 
it affects children will be reported. Five 
patients have been studied, two of them 


are boys. 
Methods 


BMB was estimated according to the 
method of Karlberg (11). 

PBI was estimated using the method of 
Baker, Humphrey & Soley (1). 

Serum cholesterol was estimated according 
to the method of Pearson, Stern & MeGavack 
(12). 

Thyroid uptake of P*) after 24 hours 
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was measured at Radiumhemmet, Karo- 
linska Sjukhuset, Stockholm by means of a 
sodium iodide scintillation counter, provi- 
ded with a wide-angle lead collimator. The 
erystal-to-skin distance was 30 em and the 
influence of secondary radiation was reduced 
by a 2 mm lead filter. The standard solution 
of I'3! was measured in a fluid volume of 20 
ml contained in a cylindrical vessel of 3.7 
cm diameter (6). 

Purified thyroglobulin was prepared by 
precipitation with (NH,), SO, from saline 
extracts of fresh thyroids removed at opera- 
tion and of post-mortem material according 
to the descriptions given by Derrien, Michel 
& Roche (4). 

Precipitin reactions. The techniques appli- 
ed were those of gel-diffusion according to 
Ouchterlony using 1.5% agar in physio- 
logical saline as a medium and small plastic 
containers for the reagents. The containers 
were refilled several times (14). 

Immunophoresis. Immunelectrophoretic 
studies on supporting glass plates, 5 «8 
em large, were carried out according to 
the method of Williams & Grabar (8). The 
electrophoretic separations were performed 
in a barbiturate buffer of pH 8.3 and with 
an ionic strength of 0.05. 

Haemagglutination tests. The indirect hae- 
technique of Boyden (3) 
was used in all experiments and carried out 


magglutination 


as follows: In order to inactivate comple- 
ment all sera were incubated at 56°C for 
30 minutes. In addition, heterophile anti- 
bodies were removed by absorption with 
washed sheep erythrocytes. Sheep erythro- 
cytes were washed once in _ physiological 
saline and three times in physiological sa- 
line buffered with 0.15 M phosphate buffer 
and finally diluted in this buffer to a con- 
centration of 50 %. An equal volume of tannic 
acid in a dilution of 1:40,000 was then added 
dropwise and the suspension was incubated 
at 37°C for 20 minutes. After centrifugation 
for 5 minutes at 1500 rpm and subsequent 
washing in buffered saline, 1 volume of the 
‘“‘tanned”’ cells was incubated at 37°C for 30 
minutes with 3 volumes of the thyroid ex- 
tract. The cells were then centrifuged off (5 
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minutes at 1500 rpm) washed once in sali: e 
and were finally suspended in buffered sali:.e 
to give a final concentration of 0.25 %. S>- 
rial dilutions of the sera to be tested wee 
made in buffered saline. One half ml of 
each dilution was mixed in a test tube 
with an equal volume of sensitized cells, or 
only of ‘“‘tanned” cells or only of washed 
cells (controls). For stabilisation 0.1 ml of 
rabbit serum was added to each tube. The 
tubes were thoroughly shaken and incubated 
at 37°C for two hours, and shaken oc- 
sasionally. The degree of agglutination was 
recorded macroscopically against an_ illu- 
minated background. Complement fixation 
test: The micromethod of Belawyian was 
used in all experiments (2). 


Case Reports 


Case 1. Girl. This patient was sent to the 
Hospital because of nanosomia at an age of 
12 years. When she was 7 years old her 
height was 118 em but since then she had 
only increased 5 cm. Except for some asthma- 
tic troubles she had, according to the parents. 
been in good health. However, by careful 
questioning it was discovered that she had 
changed in appearance during the last 5 
years, developing coarser features with dr) 
hair and skin and also becoming more in- 
dolent. On admission her height was 123 em. 
She had a hypothyroid appearance, a square 
build with coarse features, cold dry skin, an: 
straight hair. The gait was rocking. No 
secondary sex characteristics had develope. 
The thyroid gland was not palpably enlarge: . 
She had normal blood values but the sed:- 
mentation rate was moderately elevate: 
30 mm/h. The laboratory investigatio1 
revealed hypothyrotic values, the PBI we: 
1.4 y %, serum cholesterol 872 mg % and ai 
iodine uptake by the thyroid gland of on'y 
1.4 % after 24 hours, which increased only 
4% after 24 hours following TSH-stimul 
tion. The BMB was depressed to —42 ‘ 
The bone centres corresponded to an age « 
9 years and there were slipping epiphys: 
on both hips. The amount of growth ho - 
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Fig. 1. Photographs of Case 1 at different ages illustrating the change in appearance during the 
course of the disease. a/5 years (2 years before the onset of the disease). b/10 years. 


mone in the blood was normal. On intelli- 
gence testing (Grace Arthur Perf. II), she 
achieved an IQ of 67. A diagnosis of acquired 
hypothyrosis was made, Hashimoto’s disease 
was discussed, but as she did not have any 
palpable enlargement of the thyroid, and 
permission to perform a biopsy could not be 
obtained, the cause remained unknown. She 
was treated with desiccated thyroid and the 
signs of hypothyrosis disappeared quickly. 
t a check up a year later she had grown 15 
em and she did not show any symptoms of 
hypothyrosis. The PBI was 7.1 » %, serum 
cholesterol 242 mg % and BMB +5%. At 
his time at a chronologic age of 13 years 
‘er bone centres corresponded to an age of 
2 vears. However, the IQ had not improved. 
he has continued to take desiccated thyroid 
id her condition has remained good, though 
the age of 14 years a moderate enlargement 
the thyroid gland was palpable. At the 

ze of 15 years the immunological investiga- 
ms which gave support to the diagnosis of 
ashimoto’s disease were carried out. The 
recipitin reaction was positive and the 
azemagglutination test was positive to a 


dilution of 1:100,000. However, the comple- 
ment fixation test was negative in this case. 


Case 2. Girl. This girl came to the Hospital 
at the age of 13 years because she had be- 
come more lethargic during the last year. In 
spite of this her results in school were as 
good as before. Her general appearance had 
become coarser during this time. During the 
two preceding years she had grown only 3 
em. On admission her height was 141 cm. 
She had a moderate hypothyroid appearance 
with dry skin and hair, and cold extremities. 
She had not yet reached puberty. The 
right thyroid lobe was moderately enlarged, 
somewhat firmer than ordinary thyroid 
tissue. The laboratory investigations showed 
values as in hypothyroidism. Sedimentation 
rate was 35 mm/h. PBI 2.0 y%, serum 
cholesterol 442 mg %. The iodine uptake of 
the thyroid was decreased; 15% after 24 
hours. Her number of bone centres corre- 
sponded well to her age. She was treated 
with desiccated thyroid and made a prompt 
recovery. One year later she had increased 
12 cm in height. The enlargement of the right 
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Fig. 1. e/ 12.5 years (immediately before starting treatment). 


Fig. 1. d/ 14.5 years (after 2 years of treatment). 


lobe remained unchanged. Her laboratory 
values were now normal, PBI 6.2 y % and 
serum cholesterol 142 mg %. The immuno- 
logical tests performed at this time showed a 
haemagglutination titre of 1:100,000 and a 
positive precipitin reaction. In this case as 
well the complement fixation test was nega- 
tive. 


Case 3. Boy. In this boy an alopecia areata 
began at the age of 8 years. Previously he 
had enjoyed good health and had developed 
normally. The alopecia was treated with dit- 
ferent hair tinctures, and cortisone ointment 
without result. Because of the increasing 
loss of hair he was admitted to the Hospital 
at the age of 13 years. During the previous 4 
years he had been cold and his body struc- 
ture had become coarser. However, his 
school results hade been very good, in fact he 
had no other interests. 

On physical examination he appeared to 
be a fairly short 13 year old boy (the height 
was only 139 em). He had a somewhat d1\ 
skin with a touch of yellow and a slight 
hirsutism. The eruption of the permaneit 
teeth was delayed. He did not show a1 
secondary sex characteristics. The thyroil 
gland was moderately enlarged without an\ 
roentgenological signs of compression or di-- 
location of the trachea or oesophagus. L \- 
boratory investigations: Sedimentation ra 
35 mm/h; PBI 2.9 y %; serum cholester 
387 mg %; BMB — 30 %. The iodine uptake >f 
the thyroid was depressed; 13% after ‘4 
hours. The same value was obtained aftr 
stimulation with TSH. The 24 hour urina yv 
excretion of 17-keto steroids was 5.6 n 4. 
The value for corticosteroids was 5.2 n 4. 
The number of bone centres correspond ( 
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vell with the age. An intelligence test, 
Terman-Merill), showed an IQ of 127. A 
jiopsy was taken from the thyroid gland. 
[he examination revealed tissue with at- 
rophic changes, showing an increase in con- 
nective tissue with a diffuse infiltration by 
!vmphocytes and plasma cells. The findings 
supported the diagnosis of Hashimoto’s dis- 
ease. Treatment with desiccated thyroid 
was started at this time and during the fol- 
lowing 14 years his height increased 20 cm, 
so that he is now well within the normal range 
for his age. The yellow colouring of the skin 
disappeared after some months of medica- 
tion. At that time the laboratory values be- 
came normal with a PBI of 5.4 y %, a serum 
cholesterol level of 161 mg % and a BMB 
of +25%. He has remained on desiccated 
thyroid and is doing well so, though his 
alopecia does not seem to have changed. 
When he had been treated for almost 2 
years immunological studies were performed. 
These gave further support to the diagno- 
sis of Hashimoto’s disease. The precipitin 
reaction was positive. Haemagglutination 
occurred up to a dilution of 1:200,000. The 
complement fixation test was positive in a 
titre of 1:4096. 

Case 4. Boy. In an Infant Welfare Centre 
this 5-year-old boy was found to have a 
goitre, because of which he was admitted to 
the Hospital for investigation. He had al- 
ways been in good health and his develop- 
ment had been normal both physically and 
mentally. On admission he did not show any 
igns of hypothyreosis, he was alert, his 
height (105 em) was within normal limits 
r his age, his skin and hair were normal. 
His thyroid gland was moderately enlarged 
firm. The trachea was dis- 
1 cm to the right on X-ray, 


nd somewhat 
cated about 
it there was no compression. The number 
! bone centres were within normal limits 
1 the age. He did not show any epiphyseo- 
sis but the centres of the epiphyses in the 
ips were very irregular. An_ intelligence 
st, (Terman-Merill), showed an IQ _ of 
1. Laboratory investigations: sedimenta- 
18 mm/h; PBI 
mg%; BMB -7%. 


cop 
2.3 y%; serum 
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iodine uptake in the thyroid gland was in- 
creased; 66% after 24 hours. With these 
results a congenital enzymatic defect of the 
thyroid could not be excluded. A biopsy was 
denied by the parents. The immunological 
tests, however, supported a diagnosis of 
Hashimoto’s disease. The precipitin reaction 
was positive. The haemagglutination titre 
was 1:200,000 and the complement fixation 
test was positive in a titre of 1: 1024. The 
patient has since then been treated with 
desiccated thyroid and has not developed 
any hypothyreotic symptoms. His thyroid 
gland has decreased somewhat in size but 
has become still firmer. The laboratory 
values became normal after a few months 
and have remained so during the 2 years of 
observation. 

Case 5. Girl. Because of a congenital deaf- 
ness of unknown origin this girl was sent to a 
boarding school for deaf children. At the 
age of 12 years she was observed to have a 
goitre. At that time an X-ray was taken. 
This showed a slight compression of the 
trachea. The PBI 
The BMB was +2 % and the serum choles- 
terol level was 227 mg %. During the fol- 
lowing year the goitre increased in size. She 
was therefore admitted to the Hospital for 
investigation at the age of 13 years. At that 
time she complained of difficulties in swal- 


was normal; 5.3 y %. 


lowing. The physical examination revealed 
a normally developed 13-year-old girl, who 
had not yet reached puberty. Her length was 
within normal range for her age. She did 
not show any signs of hypothyreosis, her 
skin was moist and warm. She had a goitre 
about the size of an orange. The gland was 
diffusely enlarged with some predominance 
of the right lobe which was rather firm. An 
X-ray performed at this time showed an in- 
creasing compression of the trachea as com- 
pared to that shown the year before. The 
bone centres were normal in number for her 
19 mm/h. A‘ 


decreased to 1.7 


age. Sedimentation rate was 
PBI had 


serum cholesterol 


this time the 


y%, and the level was 
elevated at 456 mg %. She had an increased 
iodine uptake in the thyroid, 63 % after 24 


hours. The immunological tests demonstra- 
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ted the presence of circulating antibodies 
aginst thyroglobulin and thyroid extracts, 
the precipitin test was positive, the haemag- 
glutination test was positive in a titre of 
1:100,000 as was the complement fixation 
test in a titre of 1:512. Because of the sus- 
pected autoimmune pathogenesis of Hashi- 
moto’s disease treatment with cortisone was 
tried. She was given a dose of 75 mg pred- 
nisolone daily for three weeks and was 
then kept on a dose of 50 mg prednisolo- 
ne daily for 2 months. Following this the 
goitre diminished to about } of its original 
size, the PBI had risen to 4.4 y %, the serum 
cholesterol level was normal at 178 mg % 
as was the thyroid uptake of '3!, The dose of 
prednisolone was later gradually decreased 
but now when the dose is only 5 mg daily 
the PBI has sunk to subnormal levels. 


Discussion 


In this series 2 of the 5 patients are boys, 
a finding which does not agree with the 
common sex distribution, as Hashimoto’s 
disease is very seldom seen in males. 
However, it is difficult to compare a 
group of children with the findings in 
adults. From our small number of cases it 
is, of course, not possible to determine the 
sex distribution in children. 

The age at which the patients were 
first seen by us varied from 5 to 13 years. 
None of them had at that time reached 
puberty. The age of onset is uncertain. 
It has been calculated by studying old 
photographs of the patients and above all 
by studying the growth and development 
charts from the infant welfare centres 
and schools. The long interval ensuing from 
the calculated age of onset and the age 
when the patients were first seen, indicates 
that the hypothyreotic symptoms were not 
noticed by the families. This is also de- 
monstrated by the fact that in many cases 


nonhypothyreotic symptoms brought th: 
patients to hospital. Three of the patient 
showed clear evidence of hypothyreosi 
with coarse features, hyperkeratosis, col 
extremities, coarse voice, and lethargy 
These three were all of short stature 
Their growth and development had practi 
cally ceased from the moment of onset o: 
the disease. In those two patients wher: 
the growth did not seem to be affected, the 


disease had obviously been of shorter 


duration, judging from the history and the 
laboratory investigations. None of the pa 
tients suffered from constipation, a fre- 


quent symptom in hypothyreosis. Of the 


3 children with a long history and marked 
hypothyreotic symptoms only one was 
mentally retarded with an IQ of 67. The 
other children, despite their lethargy, 
were not retarded. On the contrary they 
belonged in the better third in their 
school classes. Nor did the hypothyreotic 
state, developing late in childhood, seem 
to affect the number of bone centres to 
any great degree. The slipped epiphyses 
which occurred in one patient and seemed 
to be developing in another patient ma, 
be of greater diagnostic value (U. Rudhe 
personal communication). 

The goitre was of variable size, in one 
case insignificant, while in another cas« 
it gave rise to symptoms of compression. 
None of the cases underwent thyroidec 
tomy. Permission for biopsy could be ob 
tained only in one case and in this cas 
the diagnosis of Hashimoto’s disease wa: 
supported by the histological picture. 

The laboratory findings were the sam 
as those in adults; with a moderately i 
creased sedimentation rate, a decrease 
PBI, a depressed or normal BMB, an el: 
vated serum cholesterol level and 
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TABLE 1. Summary of the Clinical Data in the Patients with 
Hashimoto's Disease. 


Probable age First seen in hosp. 


Sed.rate PBI BMB Cholesterol Iodine uptake by 


Case Sex at onset Age Cause mm Y% % mg % the thyreoid 
I 2 8 years 12 y Nanosomia 30 14 —42 872 decreased 
2 2 Lo 5s 13 y Lethargy 35 2.0 —32 442 decreased 
3 3 O33 13 y_ Alopecia 35 2.9 -30 387 decreased 
4 3 5 y Routine 18 25 311 increased 
check up 
5 13 Goitre 19 2.6 +2 456 increased 


TABLE 2. 


Summary of the Immunological Findings in the Patients with 


Hashimoto’s Disease. 


Presence of precipi- Haemagglutination Complement 
Case Sex tating antibody titre fixation 
1 1/100,000 Negative 
2 : 1/100,000 Negative 
3 3 : 1/200,000 Positive 
4 3 1/200,000 Positive 
5 1/200,000 Positive 


g. 2. Dark field photograph of gel diffusion 
ate on agar medium (Ouchterlony technique). 
iyroglobulin in the central basin is allowed to 
ict with five different sera from Cases 1], 2, 
4 and 5 in the peripheral basins. From the 
ntinuity of the precipitate it can be concluded 
e components of serum precipitated by thyro- 


globulin are identical in the five cases. 


varying uptake of I! in the thyroid. 
The variation of the iodine uptake in the 
gland depends on the ability of the gland 
to react to thyrotropic stimulation; i.e. 
early in the disease the thyroid tissue is 
not yet so badly damaged that it cannot 
respond to stimulation, whereas later in 
the disease the parenchyma is too de- 
stroyed to respond to any stimulation. 
Theimmunolgical findings (cf. Table 2) give 
strong support to the diagnoses. With a gel 
diffusion technique it was possible to de- 
monstrate precipitating antibodies against 
purified thyroglobulin in all cases (Fig. 2). 
The same results were obtained when a 
crude saline extract of normal thyroid 
tissue was used as an antigen. It is seen 
from Fig. 3. that the precipitating antigen 
of the thyroid extract moves with the same 
electrophoretic mobility as thyroglobulin. 
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{ Rabbit anti human serum 
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Hashimoto serum 


Thyroglobulin 


Thyroid €@ extract 


Hashimoto serum 
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Thyroglobulin 
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Fig. 3. Drawing of immunelectrophoretic plate. 
In the upper central basin serum (from Case 2) 
is electrophoretically separated and allowed to 
react with an anti-human serum and _ purified 
thyroglobulin. It is seen that thyroglobulin 
precipitates a component of the y-globulin frac- 
tion of the serum of the patient. In the two cen- 
tral basins below, a saline extract of normal 
human thyroid gland and purified thyroglobulin 
are separated and allowed to react with serum 
from Case 2. It can be seen that thyroglobulin 
moves with the same electrophoretic mobility 
as that fraction of thyroid extract which is pre- 
cipitated by the serum. The electrophoretic 
mobility is the same as that of the «-, and z-, 
globulins of serum. 


It is also shown that thyroglobulin and 
the precipitating antigen of normal thy- 
roid tissue move with the same electro- 
phoretic mobility as the x,- and %,-globulins 
of normal human serum (as has been ear- 
lier demonstrated by Roitt, Campbell & Do- 
niach (16)). Using Boyden’s haemagglutina- 
tion method it was possible to demonstrate 
the presence of haemagglutinating anti- 


bodies in serum dilutions up to 1:100,000 
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and 1:200,000 in all cases. In this investig: - 
tion thyroid extract was used as antigei . 
Complement fixing antibodies could, hov - 
ever, not be demonstrated in more than } 
of the cases. This is somewhat confusin : 
but may be due to the fact that the p:- 
tients, investigated, had been treated for 
a long time or that the antigen used was 
very weak. The antigen responsible for 
the complement fixing antibodies is only 
found in considerable amounts in thyro- 
toxic thyroid tissue. The thyrotoxic thyroid 
tissue used in our preparation was taken 
from patients who had undergone opera- 
after 
This treatment might have altered the 


tion previous iodine treatment. 
antigen. 


Precipitating and haemagglutinating 


antibodies have also been demonstrated 
in patients with thyroid disorders other 
than Hashimoto’s disease. As shown by 
Roitt & Doniach (17) antibodies against 
thyroid extract could be demonstrated 
in 98% of patients with Hashimoto s 
disease, 83 % of patients with spontaneous 
adult myxoedema, 64% of thyrotoxics, 
33 % of patients with non toxic collagen 
goitre, 68% of patients with subacute 
thyroiditis and 29% of thyroid malig- 
nancies. The highest antibody titers are 
nevertheless found in Hashimoto's diseas«. 
The fairly high haemagglutination titr:s 
in the cases presented and the ability 1» 
demonstrate antibodies by the gel diffusic 1 
technique support the diagnosis in spite «f 
the negative complement fixation test. 
The demonstration of circulating an‘ - 
bodies to thyroid tissue antigens in p 
tients with Hashimoto's disease will not 1 
itself prove that these antibodies are ul 
mately responsible for the pathogenesis 


the disease. The cytotoxic effect of the c - 
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culating antibodies on human _ thyroid 
tissue in tissue-cultures has recently been 
demonstrated by Pulvertaft, Doniach, 
Aoitt & Hudson (13). Rose & Vitebsky 
(18) have also been able to produce a 
disease with the histopathological charac- 
teristics of Hashimoto’s disease by in- 
jecting rabbits with their own thyroid 
tissue. The cytopathogenic effect of the cir- 
culating auto-antibodies seems therefore 
to be ascertained. However, the question 
still remains: what mechanisms are re- 
sponsible for the induction of the auto- 
immune processes? The thyroid antigens 
belong to the same group of native auto- 
antigens as certain proteins of the lens, 
brain tissue and spermatozoa, antigens 
to which a tolerant state has not been 
achieved during embryonic life due to the 
fact that they have never been in contact 
with the anti-body forming system. Ex- 
perimental studies by White (22) using 
« fluorescein-labeled antibody technique 
have given definite indications that there 
occurs, in Hashimoto’s disease, a leakage 
of thyroid antigens into the circulation 
thus affording the conditions needed for a 
production of specific antibodies. Another 
question then arises: what is the cause of 
this leakage of thyroid antigens? Many 
ictors have to be considered in this con- 
text. A subclinical thyrotoxicosis has been 
voposed to be the inducer. Though the 
re and sex distribution would agree with 
iis assumption, clinical evidence is so far 

cking. The histological picture of the 

itre is not inconsistent with a chronic 
‘fection, possibly of viral origin. It is 
1erefore possible that the initiating 
iechanism is after all an infection, and 
iat infection ultimately is responsible 


the pathogenesis. 


The treatment of Hashimoto’s disease 
has always been substitution therapy. 
Four of our patients have been conti- 
nuously treated with desiccated thyroid 
in individually balanced doses. During 
this treatment their hypothyreotic fea- 
tures have quickly disappeared and their 
growth increased rapidly, so that at 
present all are within the normal range 
for their ages. Euthyroidism has been 
restored in all cases as revealed from the 
laboratory investigations. As we are dealing 
with an auto-immune disorder where the 
circulating auto-antibodies obviously are 
responsible for the destructive processes 
in the thyroid parenchyma cortisone 
treatment might be expected to be a 
valuable form of therapy. As can be seen 
from the case reports only one patient 
has been given steroid treatment (Case 5). 
This patient was obviously caught very 
early in the disease as indicated by the in- 
creased iodine uptake and the absence 
of more advanced clinical signs of hypo- 
thyreosis. However, her antibody titers 
were fairly high with a haemagglutina- 
tion titer of 1:200,000. As there was ap- 
parently no definite destruction of the 
thyroid tissue a restoration of the thyroid 
function could perhaps be expected if the 
production of thyroid antibodies could 
be supressed at an early stage of the 
disease. During steroid treatment there 
was a marked fall in the antibody titres, 
from 1:200,000 to 1:100, simultaneous witl 
a complete restoration of the thyroid 
function and an almost complete disap- 
pearance of the goitre. It is tempting to 
ascribe the restoration of the thyroid 
function to the depressed production of 
specific antibodies. One must bear in 
mind, however, that it could be a mere 
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coincidence due to two different actions 
of steroids: the well-known inhibitory 
effect on the production of antibodies and 
a more nonspecific anti-inflammatory 
effect on the goitre. A third possibility 
should also be taken into consideration, 
namely, that a spontaneous remission 
could have occurred during the steroid 
treatment. The latter alternative seems, 
however, most unlikely as the thyroid 
function showed signs of impairment when 
the steroid dose was lowered below 10 mg 
daily. 

However, wider experience with steroid 
treatment has to be obtained before it 
can be recommended for more extensive 
use in early cases of Hashimoto’s disease. 
High doses over a long time seem to be 
necessary and during this time the pa- 
tients are exposed to all the deleterious side- 
effects of cortisone. The conventional sub- 
stitution therapy is the only available 
therapy in more advanced cases and must 
be regarded as a safer method of treat- 


ment even in early cases. 


Summary 
Hashimoto's disease has long been con- 
sidered a rare disease in childhood. A 


series of 5 children (3 girls and 2 boys) 


with well established diagnoses is presen- 
ted. The age of onset varied from 5 to 1? 
years. The children have, in addition t» 
the investigation of the thyroid functio. 
with conventional methods, also been in- 
vestigated with immunological method:, 
with regard to circulating antibodies 
against components of thyroid tissue. 
Circulating antibodies in high titres have 
been found in all cases. The pathogenetic 
role of the autoimmunisation, which evi- 
dently occurs in this disease, is briefly dis- 
cussed. Assuming that the autoimmunisa- 
tion is of fundamental pathogenetic signi- 
ficance one of the patients who obviously 
was caught very early in the disease was 
treated with steroids. During this treat- 
ment there was a marked fall in the anti- 
body titres simultaneously with a com- 
plete restoration of the thyroid function, 
indicating that there is a causal relation- 
ship between the suppression of the pro- 
duction of specific antibodies and_ the 
restoration of thyroid function. The other 
four patients have been successfully trea- 
ted with desiccated thyroid in individu- 
ally balanced doses. At the present stage 
of knowledge this therapy is the only avail- 
able one in more advanced cases and mus! 
also be regarded as safer, even in early 


cases. 
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Gamma Globulin in the Prevention of Cross Infections 


in Hospitalized Infants 


by ROLF LUNDSTROM and JENS BERGSTEDT 


Infections contracted in hospitals are 
common, especially in childrens’ hospitals 
and nurseries. There have been reports of 
sulfa or antibiotics as more or less valuable 
prophylactics, which from other points 
of view are not desirable (2, 4). As gamma 
globulin contains antibodies against in- 
fective agents of both viral and bacterial 
origin, and as one of us (Lundstrém, 5), 
had noted a probable protective effect of 
gamma globulin against upper respiratory 
infections in a childrens’ home, it seemed 
desirable to undertake a controlled study 
to investigate the possibility of increasing 
the resistance of infants against hospital 


infections with gamma globulin. 


Material and Methods 


The investigation was planned so that 
every second infant received an_ intra- 


muscular injection of gamma globulin on 


1 AB KABI, Stockholm, has supported this 
study and supplied the preparations used, 
namely a 12 per cent solution of gamma globu- 
lin, derived from retroplacental blood, and the 
placebo, consisting of a water solution con- 
taining sodium carboxymethylcellulose 1.3 mil- 
ligram, polysorbate 80 0.27 milligram, sodium 
chloride 9 milligram, and Edicol supra yellow 2 
gamma per milliliter. Thus the preparations had 
the same slightly opalescent appearance. 


admission to the nursery, every other in- 
fant was given a placebo preparation in a 
dose of 1 ml per kg bodyweight.! The 
type of preparation administered was un- 
known to the investigators as well as to 
the nursery staff until the study was coni- 
pleted. Infants remaining more than 
three weeks in the ward, received a new 
injection at the beginning of every three 
week period, the preparation and dosage 
being the same as on admission. On ad- 
mission, and every three weeks, nose anc 
throat swabs were cultured for bacteria! 
pathogens. When infections occurred isola- 
tion of such pathogens was attempted as 
well. Routine examination for viral patho- 
gens was not performed. Cross infection |s 
defined in this study as infection occu'- 
ring after the third day of hospitalizatio:.. 
It includes upper and lower respiratory i) - 
fections, infectious dyspepsias, pyoderm 
conditions, otitis, and urinary infection . 

The prematures were nursed in tv 0 
separate rooms, usually 2-4 patients at t’ « 
same time in each room. Other infants we e 
nursed in a common large room whe e 
airborne infections might spread easi 
In this room usually about 15 infai s 
were treated simultaneously. 
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Prior to computing the results, the fol- slowly increases but remains relatively 
owing patients were excluded from the low throughout the first year of life. With 
-tudy: infants hospitalized less than four these variations in mind the results are 


days, severely malformed infants, patients reported separately for infants of different 


receiving blood transfusions, and patients ages. 


viven antibiotics or sulfa when receiving Table 1 shows the incidence of infec- 
vamma globulin or placebo. tions in fullterm and premature infants 


The investigation was performed from up to four weeks of age. Ten out of 24 
July Ist, 1955, through June 30th, 1956. (42 per cent) full term infants developed 
As the number of prematures treated until cross infections in the gamma globulin as 
then was very small and did not allow any well as in the placebo group. Fourteen 
conclusions the investigation concerning out of 33 (42 per cent) gamma globulin- 
these was prolonged until June 30th, 1957. treated and 12 out of 33 (36 per cent) 

A preliminary report of the findings placebo-treated prematures developed 
has already been presented 1956 (1). cross infections. No significant difference 

was observed between these two groups 
. . nor between full term and premature in- 
Results and Discussion 
fants. During the first week of life 3 out 

No local or general reactions as a result of 17 full term infants in the gamma glo- 
of the injections of the gamma globulin — bulin group and 3 out of 15 in the placebo 
and the placebo were observed. The aver- group had infections, whereas 2 out of 33 
age time of hospitalization showed no  prematures treated with gamma globulin 
significant difference in the two groups. and 1 out of 33 treated with placebo 
The distribution of pathogenic bacteria developed an infection. Thus no signifi- 
was the same in both groups, pyogenic cant difference between the gamma glo- 
staphylococci and pneumococci being bulin and the placebo group was found as 
most commonly isolated. regards infections in the first week of life. 

As a rule, the level of gamma globulin is Table 2 presents the incidence of cross 
relatively high in the foetus from the infections in infants more than 4 weeks of 
seventh month of pregnancy on, as well age on admission. Six out of 22 (27 per 

in the newborn (7, 8). After birth it cent) infants treated with gamma globulin 

rops to a minimum at about one month and 15 out of 28 (54 per cent) infants 
age. After the third month the level treated with placebo showed infections. 


TABLE 1. Cross infections among infants 0-4 weeks of age. 


Gammaglobulin Placebo 


Number Number of infants Number Number of infants 
of in- with cross infec- Per of in- with cross infec- Per 
fants tions cent fants tions cent 
ematures 33 14 42 33 12 36 
illterms 24 10 42 24 10 42 


| 

| 

| 
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TABLE 2. Cross infections among infants more than 4 weeks of age. 


Gammaglobulin 


Number Number of infants 


Placebo 


Number Number of infants 


of in- with cross infec- Per of in- with cross infec- Pe 
fants tions cent fants tions cent 
22 6 Ze 28 15 54 


TABLE 3. Duration of cross infections among infants more than 4 weeks of age compared 
with total time of hospitalization. 


Number Total number 


Weeks Mean value of the 


with individual ratios: Dispersion 


of in- of weeks in infec- weeks with infections of these 

fants nursery tions total number of weeks ratios 
Gammaglobulin 22 65 7 0.10 0.22 
Placebo 28 73 30 0.35 0.36 


The difference between the incidence in 
the two groups is almost significant 
(p = 0.05). 

Table 3 shows the means and the stan- 
dard deviation of the individual ratios 
between number of weeks with cross in- 
fection and total number of weeks in the 
nursery, for infants more than 4 weeks of 
age on admission. In the serics of infants 
receiving gamma globulin 22 infants were 
hospitalized for a total of 65 weeks, show- 
ing infections in 7 weeks, the mean value 
of the individual ratios being 0.10. Cor- 
responding figures in the placebo group 
are 28 infants hospitalized 73 weeks, show- 
ing infections in 30 weeks, the mean value 
of the individual ratios in this group being 
0.35. The difference is significant (p< 


0.01). 

In infancy, susceptibility to infections 
may be influenced by the kind of feeding 
(6). Therefore, the following data are 
given. The infants up to four weeks of 


age were routinely fed with human milk, 
mainly pasteurized. Fourty-four per cent 
of the older infants were fed similarly, 
whereas the others received simple cow's 
milk formulas, mashed vegetables and 
juices added according to age. Vitamins A 
and D were given routinely. In the placebo 
group of infants more than 4 weeks old, 
the incidence of infections did not differ 
between the infants fed with human milk 
and those fed with cow’s milk. In the 
gamma globulin group, however, only one 
out of six infants with infection was fe:! 
with human milk, whereas five wer: 
artificially fed, the number of not ir- 
fected comprising ten breast-fed and s'x 
bottle-fed infants. This shows a differen: e 
which, without being significant, giv s 
an impression of protection by gamn a 
globulin in the breast-fed but not in t e 
bottle-fed infants. 

The conclusions to be drawn from t °@ 
aforementioned data are, that in this stuc y 
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‘amma globulin does not seem to increase 
he resistance against infections in the 
first weeks of infancy, this being appli- 
cable to full term infants as well as to the 
prematurely born. From the data given in 
Tables 2 and 3 it might be concluded that 
vamma globulin to some degree has had a 
protective effect against cross infections 
occurring in the nursery, for the period of 
investigation, in infants more than four 
weeks old, e.g. a period when, as a rule, 
a physiological hypogammaglobulinaemia 


has developed. 


Summary 


(1) Human gamma globulin, 12 per cent, 
| ml per kg bodyweight, was administered 
to every other full term or premature in- 
fant admitted to the Infants’ Nursery of 
the Hospital, alternate patients receiving 
a placebo preparation, for one year; the 
period of investigation being prolonged 
in the case of the prematures for another 
year. The incidence of cross infections in 
the infants was studied, the authors being 
unaware of the identity of the preparations 
used until the study was completed. The 


investigation comprises 98 full term pa- 
tients and 66 prematures. (2) During the 
first week and even the first four weeks of 
life gamma globulin apparently did not 
effect any added protection against cross 
infection in either full term or premature 
infants. (3) In infants more than 4 weeks 
old, gamma globulin seemed to prevent 
cross infections to a certain extent, the in- 
cidence of infections being significantly 
lower in the group of infants treated with 
gamma globulin. This might be explai- 
ned by the occurrence of a physiological 
hypogammaglobulinaemia in this age 
group, possibly corrected by the treatment. 
(4) Apparently, feeding with pasteurized 
human milk as opposed to cow’s milk did 
not influence the occurrence of cross in- 
fections in the control group, whereas the 
possible protective benefit of gamma glo- 
bulin was more prevalent among the in- 
fants fed human milk. 
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Splenectomy in Childhood 


A Clinical and Immunological Study of Forty-two Children 
Splenectomized in the Years 1951-1958 


by OVE BROBERGER, FRANS GYULAI and JAN HIRSCHFELDT 


The interest has since several years been 
attended to the question whether splenec- 
tomy will interfere with resistance to in- 
fection. King & Shumacher (13) gave in 
1952 a report of 6 splenectomized patients 
5 of which suffered from severe infections 
at some time after operation. Since then 
several authors have reported observa- 
tions which point to an increased suscep- 
tibility to infection after splenectomy in 
childhood. Splenectomy has also been 
recorded in a table dealing with possible 
causes for a disposition to chronic infection 
in childhood by Giedion & Scheidegger (6). 
In addition Dameshek (3) has observed ex- 
acerbations of lupus erythematosus dis- 
seminatus within a few months after 
splenectomy. He gives a hypothesis ac- 
cording to which a removal of the spleen 


hould abolish an inhibitory effect which 
this organ is supposed to exert upon the 
disease. Thus the spleen is supposed to 
produce humoral factors able to prevent a 
dissemination of certain processes of in- 
f tious or non infectious origin. According 
t| Dameshek this would be analogous with 
changes of the blood picture, appearance 
iucleated erythrocytes, myelocytes and 
gments of megakaryocytes, which will 
‘ur after splenectomy in patients suf- 
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fering from hemolytic anemia. A parallel 
can also be drawn to some experiments in 
rats, where after splenectomy a Bartonella 
infection had manifested itself clinically. 
Before operation the animals were only 
carriers of the bacteria. (3) 

By studying the literature of the last 
eight years we have found more or less 
detailed reports of altogether 460 splenec- 
tomized children (2, 7, 10, 11, 13, 16, 24, 
25, 27). Fifty-six (12.1 %) of these have 
according to the authors been subjected 
to a decreased resistance to infection after 
operation. However, the malignancy of the 
infectious diseases reported has varied 
considerably with different authors. About 
three quarters of the patients had no 
doubts had serious infections; sepsis, 
purulent meningitis, and malignant pneu- 
monias. In 27 of the cases the disease had 
a fatal outcome. The remaining patients 
on the other hand suffered only from more 
common infections as recurrent uncom- 
plicated otitis or upper respiratory infec- 
tions. A more careful study of the 43 cases 
from the literature will give the following 
informations: Underlying disease: The 
reason for operation was in 11 cases here- 
ditary microspherocytoses, in 13 cases 
idiopathic thrombocytopenia, in 2 cases 


| 
= 
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traumatic rupture of the spleen, in 2 cases 
acquired hemolytic anemia, in 1 case 
hypoplastic anemia, in 14 cases Cooley’s 
anemia, and in the remaining cases Morb. 
Gaucher, Letterer-Siwe’s disease and other 
systemic diseases. It is evident that the pa- 
tients of the last two groups due to the un- 
derlying disease will have an impaired resis- 
tance to infection and splenectomy can 
not be expected to modify the disease. 
The fairly low number of children who 
underwent splenectomy because of trau- 
matic rupture of the spleen among the 
children with severe postoperative infec- 
tions indicates that a chronic underlying 
disease may be of considerable importance 
for a decreased resistance to infection. 

Age at splenectomy: There is a significant 
difference between infants and_ older 
children. The whole material comprises 
56 (out of 460) children who were operated 
upon before an age of 1 year. Thirteen of 
these infants (22.4 %) got later severe in- 
fections and 7 of them died. After an age of 
1 year, the percentage of children with 
severe infections is only 10.6, despite the 
fact that almost all cases with a grave un- 
derlying disease were to be found in this 
age group. It has to be pointed out that 
the majority of patients with repeated 
infections are also to be found among 
the infants. However, there are consider- 
able differences between observations made 
by different authors. King & Shumacher 
(13) noted 5 infants with decreased resis- 
tance to infections out of 6 splenectomized 
patients, Gross (9) only 1 out of 11. 

Type of infection: Twenty-one children 
suffered from purulent meningitis and 11 
from sepsis. The remaining 24 cases were 
distributed among otitis (with complica- 
tions), recurrent pyuria and abscesses. 
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Results of bacterial cultivations are e- 
ported in 22 cases. In 12 cases pneun.o- 
cocci were grown (the cause of mening’ ‘is 
in 0 children), in the remaining ca es 
meningococci, Friedlander bacilli, Esciie- 
richia coli, beta-hemolytic streptococci 
and Salmonella bacteria were grown. 

It is evident that no definite conclu- 
sions can be drawn from such a hetero- 
genous material, where not only varia- 
tions in observation time and composition 
of the underlying disease but also the social 
environment and the actual epidemiologi- 
cal situation will modify the results. There 
is in fact only one conclusion justified to 
be drawn: A serious underlying disease 
and an age at operation below one year 
will enhance the risk for an impaired resis- 
tance to infection. 

In order to find out which informations 
could he gained from a Swedish material 
we have made a follow-up study of 42 
children who underwent splenectomy for 
different reasons in the years 1951-1958. 


Material 


The material comprises 42 children from 
the Pediatric Clinics of Karolinska Sjuk- 


huset, Stockholm and Akademiska Sjuk- 


huset, Uppsala. According to the underlying | 


disease the material has been divided into 
three groups, one group of 11 children with 
hereditary microspherocytosis, one group of 
11 children with idiopathic thrombocytope, ‘4 
and one group of 20 children with traum« ic 
rupture of the spleen. The material is gray 1i- 
cally represented in Figures 1-2 with reg rd 
to observation time and age at operat’ n. 


Methods 


A detailed sick history was recorde in 
each case. Special interest was put on pa sed 
diseases of infectious or non-infectious _Ti- 
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e- gin, physical and mental development before 
4 and after splenectomy. All patients were 
: subjected to a thorough physical examina- 
tion. 
The following laboratory investigations 
Ciie- wr 4 were performed according to standard la- 
eel boratory methods: estimation of hemoglobin, 
OA 
. white and red cell count, differential blood 
1 i ‘ count, reticulocyte and platelet count, de- 
re termination of osmotic fragility and mean 
oe diameter (Price-Jones curve) of erythrocytes, 
. . . 
serum-bilirubin and sedimentation rate. The 
c . . 
tion serum-proteins were quantitatively  esti- 
> 
ycial mated by paper-electrophoresis. Searching 
| for LE cells was performed in each case and 
Og1- A . . 
L the urine was examined with regard to sugar, 
here a ot protein, cells and cylinders. 
lto} < * Sera from 30 of the patients were exa- 
pase mined with regard to bactericidal activity. 
For this investigation a pure culture of coa- 
Veal lA I 
° ® gulase negative staphylococcus albus culti- 
asis- 
e vated in BHI broth was used. One tenth ml 
KA of an 18 hours old BHI-culture of staphy- 
ions 2r lococcus albus, diluted to was thor- 
| 
rial e oughly mixed with 1.0 ml of the serum to be 
12 | tested. Parallel samples of 0.1 ml were pi- 
oe | o| 4 ! ! petted off immediately and after 10 hours 
oF 0 2 6 8 
| tie peers incubation at 37°C and distri- 
are buted on BHI-agar dishes. The dishes were 
Fig. 1. Presentation of material according to incubated at 37°C for 24 hours, whereafter 
| underlying disease, age at operation and ob- the number of colonies was recorded. At 
servation time. 4 =idiopathic thrombocytope- each estimation three parallel samples of 
traumatic rupture of the spleen. serum was examined anc e mean value 
juk- calculated. 
juk- 
ving | 
into 
with 
= 
o 
a a 
pour | + 
y rd = 
m. 2 
E E 
3 
z 
; 2 4 6 8 10 12 14 years 1 2 3°4°5°°6° 7 years 
n : : 
: Age at splenectomy Observation time 


Ti- Fiz. 2. Distribution of material according to age at splenectomy and observation time. 
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In addition sera from 28 of the patients 
were investigated with regard to the immune 
electrophoretic pattern. Immune _ electro- 
phoresis was performed according to Grabar 
& Williams (9) in the micromodification of 
Scheidegger (22). This technique combines 
ordinary electrophoresis in agar gel with 
two-dimensional agar gel diffusion as deve- 
loped by Ouchterlony (17). By electrophore- 
sis in agargel, the antigens are first separa- 
ted. Antiserum is then added in longitudinal 
basins parallel to the electrophoretic migra- 
tion axis. Diffusion of the electrophoreti- 
cally separated antigens against their cor- 
responding antibodies will after a suitable 
time interval give rise to precipitates visible 
as curved opalescent lines in the gel. The 
peak of the precipitate, which is also the 
point nearest to the antibody-basin, is 
taken to indicate the average electrophoretic 
position of the antigen. After development of 
the immune electrophoretic pattern in a 
humid chamber for about 20 hours at room 
temperature, the microscopic slides were 
dried, stained with Amido Black B and photo- 
graphed in transmitted light. All observa- 
tions were made on photographs magnified 
4.5-4.8 times. Further technical details will 
be published elsewhere (12). The sera to be 
investigated were tested against two dif- 
ferent immune sera prepared on rabbits by 
immunizing with human serum. The im- 
mune electrophoretic pattern of immune 
serum No I, a commercial preparation from 
Behring Werke is seen in Fig. 4. Immune 
serum No 2 was kindly made available by 
Professor Birger Broman, Riattskemiska In- 
stitutionen, Stockholm, and proved more 
appropriate for demonstrating certain com- 
ponents in the alfa,-globulin region. The sera 
from splenectomized patients were all kept 
in the deepfreeze until for use. The dif- 
ferent components were identified by com- 
parison with pure fractions kindly provided 
by AB Kabi or commercial purified anti- 
bodies from Behring Werke. In this way 
albumin, alfa,-macroglobulin, beta,-lipo- 
protein, gammaglobulin 
identified electro- 


transferrin and 


were in the immune 


phoretic pattern. These components in our 
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experiments on the whole agreed well wi h 
the descriptions on record. Lipoid stainiig 
made it possible to identify the alfa,-lijo- 
protein, which also showed the same elcc- 
trophoretic position and other precipitate 
characteristics as the alfa,-lipoproteins ce- 
scribed by others (26). The component /,A 
(14) was identified by absorption of immune 
serum with umbilical serum which lacks 
this component (12). It is observed as an 
extended precipitate partly overlapping 
with the gamma-globulin precipitate. As 
f,X is denoted a precipitate which for the 
present moment can not be correlated to 
any previously described components and 
which is very susceptible to storing effects 
(Fig. 4). 


Results 


As can be seen from Tables 1-3 severe 
infections were recorded in two patients, 
both belonging to the group of idiopathic 
thrombocytopenia. One of these infec- 
tions was a purulent meningitis caused by 
hemophilus influenzae, the other an otitis 
with mastoiditis caused by pneumococci. 
It is significant that these infections oc- 
curred in two patients who did not respond 
well to splenectomy with regard to an 
improvement of the underlying disease. 
Thus it is impossible to determine to what 
extent the underlying disease did contr- 
bute to the decreased resistance to infe:- 
tion and how much could be ascribed ‘o 
splenectomy per se. 

Nine children had suffered from mc ’e 
than 1-2 common respiratory infection. a 
year. These infections were with one x- 
ception never more prevalent than : a 
year and did not last longer than 7 10 
days. 

Epidemic diseases were not comn »n. 
Five cases of measles, 3 cases of chicken. 0x 


and 2 cases of mumps were recorc 
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TABLE 1. Hereditary microspherocytosis. 
Age at Severe 
splen- Obser- Upper “Asia- 
ec- Sensitivity to in- vation respir. tic’ Severe Other 
tomy fection before time Com- tract in- Epidemic influ-  infec-  infec- 
(years) splenectomy (years) plaints Status fection disease enza_ tions tions 
6 0 7 0 0 Rarely None 0 None 0 
34 0 43 0 0 Sometimes Parotitis + None 0 
epid. 
103 0 4 0 0 Rarely None 0 None 0 
13 0 é 0 0 Sometimes None 0 None 0 
9 Several attacks of 3 0 0 Rarely None 0 None 0 
otitis media 
3. Several attacks of 3 0 0 Rarely None 0 None 0 
upper resp. infection 
2 ‘Several attacks of 2 0 Moderate ane- Often None 0 None 0 
upper resp. infection mia. Adenoid. 
9} Otitis media, z 0 Slight hepato- Rarely None + None 0 
pneumonia megaly 
94} Several attacks of g Nervous 0 Sometimes None 0 None 0 
5 upper resp. infection 
9 54 0 0 Rarely None 0 None i) 
1} 0 2 0 0 Rarely None 0 None 0 
TABLE 2. Idiopathic thrombocytopenia. 
Age at Severe 
splen- Obser- Upper **Asia- 
ec- Sensitivity to in- vation respir. tic” Other 
tomy fection before time Com- tract in- Epidemic influ- Severe infec- 
(years) splenectomy (years) plaints Status fection disease enza infections tions 
ima 
i 0 54 0 0 Rarely None 0 None 0 
'} Several upper resp. 54 0 0 Rarely None 0 None 0 
tract infections 
7 0 4 0 lymfoma colli Rarely None 0 None 0 
It) 0 3 0 0 Rarely Morbilli 0 None 0 
Several upper resp. 2 0 0 Rarely Morbilli and 0 None 0 
tract infections parotitis epid. 
14 0 1} 0 0 Rarely Morbilli and 0 None 0 
varicellae. 
Several upper resp. } 0  thrombocyto- Some- None + Purulent 0 
tract infections penia times meningitis 
0 1 0  thrombocyto- Some- None + None 0 
penia times 
4 0 3 0  thrombocyto- 3 severe None 0 Otitis with 0 
penia attacks mastoiditis 
| 0 1 0 0 Rarely None 0 None 0 
3} 0 i 0 0 Rarely None 0 None 0 
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TABLE 3. T'rawmatic rupture of the spleen. 


Age at Severe “7 
splen- Obser- Upper ““Asia- 
ec- Sensitivity to in- vation respir. tie’ Severs 0: 
tomy fection before time tract in- Epidemic influ- infec- inj 
No. (years) splenectomy (years) Complaints Status fection disease enza_ tions ti 
l 6 0 54 0 0 Sometimes None + 0 
2 9 0 5 0 0 Rarely None 0 
3 53 0 4} 0 0 Rarely None + 0 
4 9} 0 4 0 Rarely None 0 Strey 
Cor’ 
angi 
5 9 Several upper resp. 4 0 0 Rarely None 0 0 
infections 
6 14 Séveral upper resp. 4 0 0 Rarely None 0 0 
infections 
f 4 i) 4 Slight ab- 0 Rarely Morbilli 0 0 
dominal pains 
8 5} 0 4 0 0 Rarely Morbilli 0 0 Of 
sing 
7 0 2 Often tired Normo- Some-  Varicellae + 0 
chromic anemia — times 
10 34 0 2 0 0 Rarely None 0 0 
1] 8 Uncomplic. otitis 14 0 0 Sometimes None 0 0 
med., twice 
12 93 0 13 0 0 Rarely None 0 0 t 
1: 1] 0 l i) 0 Sometimes None 0 0 } 
14 6 0 } 0 0 Rarely None 0 0 } 
15 0 5 0 0 Rarely Varicellae 0 
16 43 3 attacks of 2 0 0 Rarely None 0 0 } 
urinary infections 
17 2 0 2 0 0 Rarely None + 0 } 
18 6 0 6 0 0 Rarely None 0 0 i] 
19 4 0 ] 0 0 Rarely None 0 0 } 
20 5 0 2 0 0 Rarely None ) 0 L] 


Noteworthy is that the so called ‘Asiatic 
influenza”’ which caused a severe epidemic 
in 1957 did not affect more than 10 of the 
children. Nine children with a massive 
exposure to this disease (several family 
members affected) did not show any clini- 
cal signs of the disease. 

The physical and mental development 
was normal in all children. 

The laboratory investigations did not 
reveal anything abnormal which could not 
be expected with regard to the underlying 
disease. However, one patient who was 
operated upon because of traumatic rup- 


ture of the spleen had several years after 
operation a persistent normochromic ane 
mia. A positive LE cell phenomenon coul:! 
not be demonstrated in any case and n> 
patient has showed any other symptoms 
Lupus erythematosus disseminatus. 
Thirty 
regard to bactericidal activity. As can © 


sera were investigated wi 


seen from the diagram in Fig. 3 the s ‘a 
from the splenectomized children do : >t 
differ from the sera from the 7 healt y 
control children with regard to bacterici’ ‘1 
activity. The number of colonies var 1 
between 0 and 9 *10!. From the work 
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0 ! Fig. 3. Antibacterial activity (against Staphylococcus albus) of sera from splenectomized children 


and normal children. Vertical axis represents log. number of colonies. 


Kkstedt et al. (5) it is proven that the 
number of colonies will increase up to 10°— 
10° 0.1 ml serum if the bactericidal acti- 
vity is inhibited by adding coagulase. 
Thus we can say that the anti-bacterial 
activity against staphylococcus albus has 


not been significantly altered in the sera 
investigated. (These sera included sera 
ter from those two patients who showed a 
ne decreased resistance to infection after 
ald operation.) 

no in the present study 28 sera from splen- 
ectomized children aged 3-16 years were 
investigated with immune electrophoresis. 
‘ne of these belonged to the group with 


editary microspherocytosis, 11 to the 


‘a4 up with idiopathic thrombocytopenia 
it 7 to the group with traumatic rupture 
V the spleen. The immune electrophoretic 
| ttern on the whole showed good agree- 
| ent with the pattern obtained when 


f rmal sera are investigated. In some 


instances, however, minor differences in 
certain sera were noted. 

In two of the sera from patients with 
idiopathic thrombocytopenia the alfa,- 
lipoprotein showed a retarded migration 
rate. This retarded migration rate of the 
alfa,-lipoprotein is seen in Fig. 4. Varia- 
tions of the position of the alfa,-lipo- 
protein have been found in sera subjected 
to aging and after pretreatment with cer- 
tain enzymes (26). In those instances, 
however, an accelerated migration rate 
has been observed. 

Nine of the 28 sera presented evidence of 
a decreased transferrin content as judged 
by the immune electrophoretic pattern. 
This component will normally give rise to 
an “antigen excess pattern” (Fig. 5). 
Only in 3 of these sera the amount was 
sufficient to allow a quantitative deter- 
mination of transferrin according to 
Ramsay (18) (kindly carried out by Dr. 
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Albumin® -lipo- a,-glykoprotein a,-makroglobulin Transferrin B,AP,% y-glob lin 


1protein 


Fig. 4. Immune electrophoretic pattern of two splenectomized patients (I.F. and G.J.) against 

anti-human serum No I. Note the retarded migration rate of the alfa,-lipoprotein from pt. 

I.F. (upper half) B.A is absent in the serum from pt.IF. but can be clearly seen in the pattern 
from pt.G.J. 


Fig. 5. Immune electrophoretic pattern of serum from a splenectomized patient (with traumatic 
rupture of the spleen) (upper part) as compared with serum from a normal individual (lower part). 
The transferrin precipitate in both sera is localized between the starting points (round basins) ancl 
the longitudinal basin. The antigen excess pattern of the transferrin precipitate visualized as a 
shadiness of the peak of the precipitate is absent in the serum from the splenectomized patien'. 


Bertil Nosslin, Kemiska Centrallabora- quantitatively determined) with a d 
toriet, Malm6 Allmanna Sjukhus, Malm6). creased transferrin content as judged | 
These sera showed transferrin values be- the immune electrophoretic pattern cane 
tween 208 and 215 wg %, which is well be- from 5 of the 8 patients with trauma’ c 


low the normal level. A simultaneous — rupture of the spleen. 

transferrin determination of sera from 4 In 12 of the sera investigated the co: :- 
normal children of the same age showed _ ponent f,A was difficult to observe, bei g 
values between 328 and 344 ug %. It has to a great extent confluencing with te 
to be pointed out that 5 of the sera (in- gammaglobulin precipitate. This mig t 


cluding those in which transferrin was imply that in these sera this compone t 
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is diminished or absent. In 16 sera f,A 
could clearly be seen, having a position 
somewhat above the gamma-globulin pre- 
cipitate (Fig. 4). Previous investigations 
of sera from splenectomized children by 
Scheidegger & Martin du Pan (23) have 
demonstrated absence of 

The gamma-globulin precipitate had an 
evidently normal appearance in all sera in- 
vestigated, which is in good agreement 
with the quantitative electrophoretic esti- 
mation where no abnormalities regarding 
the content of different serum globulins 


were found. 


Discussion 


The anamnestic data have revealed a 
tendency to severe infections only in two 
children suffering from idiopathic throm- 
bocytopenia, but as these patients have 
not responded well to operation with re- 
gard to the underlying disease, this ten- 
deney can not with certainty be ascribed 
to splenectomy per se. This is in good 
agreement with the material from the 
literature as our material only comprises 
children above one year of age. 

In this context it would be relevant to 
discuss the role of the spleen in antibody 
synthesis. The endogenous production of 
antibodies is absent or very low at birth. 
The production starts successively during 
he first three months of age but full 
apacity may not be reached before an 

ge of about two years. Thus the endo- 
enous production may be suboptimal 
uring the first year of life and it is rea- 
onable to assume that removal of an organ 
nvolved in antibody production at this 
eriod will give rise to a greater if even 
mly transient disturbance in antibody 
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synthesis than later in life. However, ex- 
perimental evidence for this assumption is 
so far lacking. A quantitative difference 
with regard to gamma-globulin content 
between sera from splenectomized children 
above one year of age and normal children 
has not been found in this investigation. 
Smith et al. (24) and Gofstein et al. (17) 
have investigated the gamma-globulin 
contents of sera from splenectomized pa- 
tients with severe infections in the post- 
operative period and have not found any 
abnormalities. The response to antigenic 
stimulation has mostly been studied in 
adults. Myerson et al. (15) found no dif- 
ferences of the antibody titers against 
tetanus-toxoid between splenectomized 
and normal adults. The same results were 
obtained by Saslow et al. (20) when they 
studied the response to tularemia vaccine 
in 105 splenectomized patients. However, 
there may be some differences if the anti- 
body response is studied in the early post- 
operative period. Thus Gohar (8) found 
lower anti-body titers against typhus anti- 
gen when injected 16 than 30 days after 
operation. When injected 30 days after 
operation the response in splenectomized 
patients showed no difference as com- 
pared to that of normal controls. This 
might imply that the role of the spleen in 
antibody synthesis is of only minor im- 
portance and that a loss of this organ is 
very quickly compensated for by other 
functional units of the anti-body producing 
system. However, the problem may be more 
complicated than so. The strength of the 
response may even be determined by the 
way of injection and the antigen used. 
Rowley (19) found practically no titers af- 
ter intravenous injection of sheep erythro- 
cytes in 13 out of 14 splenectomized human 
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beings, while all controls showed consider- 
ably high titers. 

Other factors than specific anti-bodies 
are involved in resistance to infection. 
However, very little is known about this 
so called unspecific resistance. It is a well- 
known fact that infants suffering from the 
hereditary form of agammaglobulinemia 
are to a certain degree resistant to some 
virus and gram-negative bacteria. Phago- 
cytosis is known to operate in this field 
but accurate methods for a quantitative 
estimation are not available. Properdin 
may play an important role but clinical 
evidence for this is to a great extent still 
lacking. Recently Saslaw & Carlisle (21) 
have published an investigation of pro- 
perdin titers in 105 splenectomized pa- 
tients. They found significantly low titers 
as compared to those of 113 normal con- 
trols. Thirty of our sera have been investi- 
gated for bactericidal effect in vitro. This 
effect may to a great extent depend upon 
factors involved in unspecific resistance. 
However, an effect of specific antibodies 
can not be ruled out by the method of 
investigation. (Complement has not been 
inactivated as C, is necessary for the action 
of properdin.) The investigation did not 
reveal any abnormalities which is in good 
agreement with the clinical observations. 

The immune electrophoretic investiga- 
tion of 28 sera from splenectomized chil- 
dren showed minor differences regarding 
the components alfa,-lipoprotein and /,A. 
The significance of these findings can not 
be clinically evaluated, however, as very 
little is known about the physiological 
function of these components. More in- 
teresting is the finding of a decreased 
transferrin content of some of the sera. It 


is surprising that the majority of these 
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sera belonged to the small group of pa. 
tients (investigated with immune electro 
phoresis) with traumatic rupture of th« 
spleen. Only one of these patients sufferec 
from a moderate normochromic anemia 


Summary 


A clinical and immunological follow-up 
study was performed in 42 children who 
were splenectomized for three different 
reasons microspherocytosis, 


idiopathic thrombocytopenia or traumatic 


(hereditary 


rupture of the spleen) in the years 1951 

1958. All children except one was in the 
age group 2 years or older. The investiga- 
tion gave no evidence of an impaired resis- 
tance to infection as a result of splenec- 
tomy per se in the material studied. Though 
two patients suffering from idiopathic 
thrombocytopenia showed a tendency to 
severe infections this tendency could not 
with certainty be ascribed to the splenec- 
tomy as these patients did not respond 
well to the operation with regard to the 
underlying disease. The bactericidal acti- 
vity of sera from 30 of the children was in- 
vestigated but showed no differences as 
compared to that of sera from normal 
children. Sera from 28 of the children were 
studied with immune electrophoresis. Mi- 
nor differences as compared with the im- 
munelectrophoretic pattern of normal ser: 
were noted regarding the components alfa, 

lipoprotein and #,A. In addition 9 of th 

sera showed a decreased transferrin co! 

tent as judged by the immune electr: 

phoretic pattern. Five of these sera cam 

from children who had been splenectomize 

because of a traumatic rupture of th 


spleen. 
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Metachromatie Leucodystrophy—a Generalized Lipidosis 


Determination of Sulfatides in Urine, Blood Plasma and 


Cerebrospinal Fluid 


by BENGT HAGBERG and LARS SVENNERHOLM 


Late infantile metachromatic leuco- 
dystrophy (Mb Greenfield) is suitably clas- 
sified as a generalized lipidosis due to the 
accumulation in various organs of lipid 
metachromatic substances (3, 5, 7, 9). In 
1958 these substances were shown to be 
sulfatides (sulfuric acid esters of cerebro- 
sides) in investigations made independ- 
ently in three different parts of the world 
(3, 7, 9). 
only in the nervous system but also in 


Large amounts are found not 


the parenchymal liver cells, the mucous 
folds of the gall bladder wall and the 
kidney tubules. The disease is histologi- 
cally and chemically well defined and the 
clinical picture is characteristic (8). Ac- 
cording to Austin the clinical diagnosis can 
be verified during life with simple urinary 
tests (1, 2). 

This report deals with the chemical 
changes in urine, blood plasma and cere- 
brospinal fluid of three cases with a ty- 
pical clinical picture which were diagnosed 
during life. 


Material 


Normal material comprising 120 healthy 
infants, children and adults was investigated 
with urinary tests. Blood plasma was chemi- 


cally analysed in six normal children. No 
investigations on the cerebrospinal fluid 
(CSF) were made in this normal group. Three 
cases with metachromatic leucodystrophy 
were examined and their clinical histories 
are briefly reported below. 

Case 1. A.L., a girl 3? years of age, the only 
child in a healthy family. She learnt to walk 
when 15 months old but never walked well. 
From about this time successive develop- 
ment of a clinical picture very similar to the 
syndrome of Guillain-Barré with hypotonic 
tetraplegia, absent deep reflexes, severe pain 
in legs and arms. However, atactic symp- 
toms, bilateral positive Babinski and a ce- 
terioration of her speech soon appeared in 
addition. When three years old she rapi<ly 
deteriorated and the tetraplegia changed 
from a hypotonic to a hypertonic type. lor 
the last half year of life she was in a state of 
decerebrated rigidity, blind with total optic 
atrophy and severely mentally retarded. A 
cholecystography was performed with a 
nearly normal result when she was 2? yours 
old. One year later no filling of the all 
bladder could be achieved. Autopsy w th 
microscopic and chemical examination 
fied the diagnosis (Hagberg et al., to ‘e 
published). 

Case 2. 1.M., a girl, 5 years of age. | er 
elder sister died from the same disease wen 
6 years old, the diagnosis being verifjed >y 
microscopic and chemical examination at 
autopsy. I.M. developed normally u «il 
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neariy three years of age. From about that 
tin: her gait was observed to be unsteady 
and weak. When four years old she had a 
severe epileptic fit. At that time she could 
still walk, had a slight hypertonic paraplegia 
with positive bilateral Babinski, intention 
tremor in her hands and a slight dysarthria. 
No nystagmus or optic atrophy. At chole- 
eystography no filling of the gall bladder 
could be obtained. Now 5 years old she is in a 
bad condition, neither able to walk, nor to sit 
without support and has bulbar symptoms. 

Case 3. R.A., a boy, 4 years of age in a 
healthy family. Progressive hypotonic tetra- 
plegia started insidiously between one to two 
years of age. Positive bilateral Babinski was 
an early finding. Atactic symptoms and 
mental deterioration were soon also observed. 
At 2} years of age he was highly demented 
with hypertonic fits and periods with cerebral 
fever. A clinical picture of decerebrate 
rigidity progressively developed. Other signs 
were weak or absent deep reflexes, nystag- 
mus, and left optic atrophy with no pupillary 
reactions to light. Cholecystography did not 
reveal any functioning gall bladder. During 
the last year he has been in a more stationary 
stage. The diagnosis was verified by histo- 
logical examination of a cutaneous nerve (13) 
from biopsy material (P. Sourander, personal 
communication). 


Methods 


rine. The sediment was examined micro- 
scopically according to Austin (1). The total 
lipids in the urinary sediment were extracted 
wit!: chloroform-methanol (2:1, v/v) and the 
lipid soluble metachromatic substances were 
estimated by a semiquantitative paper chro- 
me'ographie procedure (Hagberg & Sven- 
nerholm, to be published). The lipid extract 


W dialysed against water to remove 
w: ‘er soluble contaminants. After dialysis an 
al ot of the lipid extract was chromato- 
2: »hed on Schleicher & Schiill 2043b papers 
v tetrahydrofuran-diisobutylketone-wa- 


t 45:5:5 (v/v) as solvent. The amount of 
extract applied to the paper was 
e valent to 2 mg of urinary creatinine. The 


sulfatides were visualised by cresyl violet and 
Rhodamine B. The amount of sulfatides was 
estimated by comparing the size and inten- 
sity of the metachromatic spots of urine with 
those of known amounts of brain sulfatides. 


Blood 
The total amount of cerebrosides in plasma 
was determined according to Svennerholm & 
Svennerholm (12). The sulfatides were ana- 
lysed by the same paper chromatographic 
technique as used for urine. 


Cerebrospinal fluid 
Total protein was determined according 
to Goa (6) with the biuret method. The CSF 
proteins were concentrated before electro- 
phoresis by high pressure ultrafiltration. 
Paper electrophoresis was performed accord- 
ing to Mellander et al. (11). 


Results 


Urine 

Microscopical examination. Large met- 
achromatic granular bodies of the type 
described by Austin (1) were only found 
in the three cases with metachromatic 
leucodystrophy. 

Chemical analysis. The results are given 
in Table 1. 


Blood 


The total amounts of cerebrosides in 
plasma were for the three clinical cases 
A.L. 3.9, I.M. 3.4 and R.A. 3.7 and for the 
six normals 3.84 (range 2.7-4.7) mg/100 ml. 
The sulfatides were only analysed semi- 
quantitatively. No significant differences 
were found between the patients and the 
normals. 


Cerebrospinal fluid 


The concentration of total proteins was 
markedly increased in our three cases but 
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TABLE |. The concentration of sulfatides in 
urinary sediments of normals and three cases 
of metachromatic leucodystrophy. 


(All figures are expressed as the amount of sul- 
fatides per 2 mg creatinine. ) 


Content of sulfatides in ug 


0.5- 2.6- ll- 26- 


Age <0.5 25 10 25 100 >100 
0-2 months 3 9 3 2 
2-4 i 5 6 6 2 
4-6 l 
6-8 l 3 4 2 
8-12 14 4 
]—2 years 2 6 é 

A.L 
4 ,, 5 4 boa A.L. 
4-8 l 1 I.M. 
8-15 ,, 2 
> 15 16 4 


the paper electrophoresis showed a normal 
relative distribution as can be seen in 
Table 2. Sulfatides were present in CSF of 
the three clinical patients but due to the 
small amounts it is impossible to evaluate 
if there was more than in normals. 


Discussion 


Austin (2) concluded that a positive test 
for metachromatic lipids of urinary sedi- 
ments (sulfatides) is pathognomic for late 
infantile metachromatic leucodystrophy. 
Contrary to Austin we found that sulfa- 
tides are excreted in the urines of all the 
children and 


normal (infants, 


adults). Healthy infants less than one year 


persons 


of age, excreted as large, or even greater 
amounts than our three patients. How- 
ever, these patients 3-5 years old, had 
much more sulfatides in their urines than 
normal children of the same age. Large 
amounts of urinary sulfatides were also 
found in children with other wide spread 
diseases 


demyelinating (Hagberg and 


TABLE 2. The total protein concentratic in 
cerebrospinal fluid and its relative dist; 
tion by zone electrophoresis on filter pu ver. 


Case Case ase 


ROA. 


Total protein mg/100 ml 145 115 


Albumin in per cent 68.5 66.3 73.1 
«,-globulin 6.0 5.8 6.1 
%_-globulin 8.8 7.56 8.5 
B-giobulin 10.2 5.1 115 
y-globulin | 8.5 6.6 


? Agar electrophoresis, 9 months later (per- 
formed by Dr. A. Lowenthal, Antwerp). Total 
protein 167 mg/100 ml. Albumin 64.7 %, «, 6.1%, 
Og, 8.1%, 1.4%, 9.5%, By 3.0%, 2.7%, 
Yo 4.5%. 


Thus, 


diagnostic conclusions must be drawn very 


Svennerholm, to be published). 
cautiously, especially as this test is further 
limited by large variations in the daily 
excretions of sulfatides, making all quan- 
titative estimations rough. 

In addition to a distinct strong sulfatide 
spot there was in the paper chromato- 
grams of urinary sediments from our thiree 
cases with proved metachromatic |cu- 
codystrophy a second intense metacliro- 
matic spot with a somewhat lower K,- 
value. This second spot has only been seen 
in about 10 per cent of lipid extracts from 
the urinary sediments of normals and \as 
never so intense as in the lipid extract. of 
the metachromatic cases. In our ex}: "i- 
ence the ratio sulfatides to total lipid is 
also much larger in late infantile m‘a- 
chromatic leucodystrophy than in nor 1s 
or patients with other demyelina ng 
diseases. While Austin’s analyses of li ds 
without chromatography (2) only in ly 
a visualization of microscopically alr. ly 
verified metachromatic substances, a_ if- 
ferentiated chromatographic patter is 
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Accumulation of sulfatides _ 


BRAIN 


Disorder of myelin 
formation 


Mental and Increased total 
neurological protein in 

disturbances CSF 


Increased excretion 
of sulfatides in urine 


Metachromatiec granular bodies 
in urinary sediment 


KIDNEY LIVER 


i 
Increased excretion 
of sulfatides in bile 


Cholecystopathia 


Fig. 1. The clinical manifestations of the disturbed sulfatide metabolism in late infantile 
metachromatic leucodystrophy. 


obtained with the method used here. But 
the most reliable laboratory test up to 
now seems to be the microscopical exam- 
ination. Large metachromatic granular 
bodies in toluidine blue stained sediments 
have only been found in patients with 
metachromatic leucodystrophy. 

The increased content of protein in the 
CSF of our three patients as well as in 
earlier cases described (5, 8, 10) is interest- 
ing. To our knowledge electrophoretic sep- 
aration of the protein fractions has not 
been performed earlier in this disease. The 
increased protein content combined with 
anormal distribution of the electrophoretic 
components is surprising but may at 
least to some extent be explained by the 
effect of a non specific polyradicular irrita- 
tion, as metachromatic substances have 
also been found in damaged nerve roots 
(8). In good agreement with these findings 
e clinical picture of the earlier stages, 


is 
wh his often very similar to the syndrome 
of .nillain-Barré. 

other interesting fact in relation to 
the listurbed lipid metabolism is the non- 
fui ‘ioning gall bladder in our three cases. 
In in earlier report it was shown at 
au psy (8) that the gall bladder walls in 
tv cases were distended with macro- 


phages containing abundant metachro- 
matic and PAS-positive material. These 
findings may be plausibly explained by an 
increased excretion of sulfatides in the 
bile, causing secondarily a gradually in- 
creased accumulation of sulfatides in the 
wall of the gall bladder. The final result 
is a progressive loss of the concentration 
ability of the gall bladder, which also 
could be followed at repeated X-ray exam- 
ination in Case 1. Whether a pathological 
X-ray finding is a constant sign in the 
later stages of the disease cannot be as- 
sessed, as X-ray examinations have not 
been reported previously. 

The effect of the increased synthesis of 
sulfatides on the human organism is sum- 
marized schematically in Fig. 1. 


Summary 


Three cases of late infantile metachro- 
matic leucodystrophy, diagnosed during 
life, have been investigated with micros- 
copic studies of urine and with chemical 
analyses of urine, blood plasma and cere- 
brospinal fluid. Comparable studies have 
been made on corresponding materials 
from healthy infants, children and adults. 
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Autopsy Findings in T hree Cases of Hypsarhythmia 


(Infantile Spasms with Mental Retardation)! 


by CHARLES M. POSER and NIELS L. LOW 


The combination of infantile spasms 
with mental deterioration of a progressive 
nature has been previously described by 
several authors. The literature concerning 
this clinical entity was recently reviewed 
by Low, Bosma, Armstrong, and Madsen 
(9). New experience in the treatment of 
children affected with this syndrome has 
also been the subject of recent publica- 
tions by Sorel (17) and by Low (8). Most 
of these children have been found to ex- 
hibit a peculiar electroencephalographic 
abnormality originally described in 1952 
by Gibbs and Gibbs in their Atlas of Elec- 
trocnecphalography and further charac- 
terized by Gibbs, Fleming and Gibbs (6), 
anc named hypsarhythmia. To our know- 
led, no report of the pathologic findings 
in t« brains of children dying with this 
con ‘tion has been published. 


‘ad in part at the Scientific Session of the 
Br Research Foundation in Chicago, 31 March 


is work was supported in part by research 
er M-1586, National Institutes of Health 
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Three patients who were observed 
clinically by one of us (NLL) and have 
been previously included in a review of 
the clinical picture of this disease (9) are 
the subjects of this post-mortem report. 


CasE 1: D. H. (Case 8, (9)) 


Clinical History. This full-term bottle fed 
boy was hospitalized at age six weeks because 
of irritability, loose stools, and fever. General 
physical, developmental, and neurological 
examination at that time revealed normal 
findings with normal skull x-rays, normal 
EEG and spinal fluid. Shortly before he 
was three months old, he started typical 
infantile spasms. These seizures occurred 
very many times daily for the rest of his 
life. Repeat examinations revealed a marked 
regression of this baby’s developmental mile- 
stones and at five and one-half months he 
first had swallowing difficulties. At that 
time he no longer followed a moving light 
or other objects; he had no head control 
anymore; the neck musculature was quite 
limp, the extremities had an increased tone, 
and the deep tendon reflexes were hyper- 
active. The child died following aspiration 
of milk at seven months of age. 
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Pathologic Findings 


The post-mortem examination was per- 
formed 16 hours after death. The significant 
findings consisted of acute pulmonary em- 
physema and both 
lower lobes, and an acute obstructive type of 
bronchitis. The terminal event was felt to 


pneumonia involving 


be an acute broncho-pneumonia. 

The brain weighed 750 g and was felt to be 
firmer in consistency than usual. On cut 
sections it was said to show extensive areas 
of demyelinization, especially in the cerebral 
hemispheres. No other abnormalities were 
noted. (Gross findings by courtesy of Drs. 
Hicks and Bennett, Ogden, Utah.) 


Histologic Examination 


Fragments of the brain were available for 
examinations. They had been fixed in forma- 
lin and were examined in frozen, paraffin 
and celloidin sections by means of staining 
with Oil Red O, Nile Blue Sulfate, Congo 
Red, PAS, thionine, hematoxylin 
Woelcke myelin sheath method, Bielschow- 
sky, Holzer, and Nissl methods. 

There 
degeneration 
clusively the deeper layers of the cortex in 


eosin, 


were extensive areas of spongy 
which involved almost ex- 
all areas examined, but most pronounced in 
the frontal lobes. This spongy degeneration 
resulted in a complete degeneration of neu- 
rons and vacuolization of the cerebral ground 
tissue. There was evidence of considerable 
capillary proliferation with secondary endo- 
thelial degeneration. Throughout the areas 
of spongy degeneration there was a striking 
absence of glial response, of phagocytes, and 
of products of degeneration. The latter were 
found only in rare, scattered areas as intra- 
adventitial masses of brilliant red staining 
material with the Oil Red O stain. PAS, 
Congo Red and Nile Blue Sulfate methods 
all gave negative results. No signs of an in- 
flammatory response could be seen in the 
central nervous system: the glial response 
was, stated, there 
perivascular cellular collections, the meninges 
were free of cellular infiltrates. The neu- 


minimal, were no 
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Fig. 1. Case 1: Occipital lobe. Diffuse but sclec- 
tive demyelination of the subcortical fibers 


(Woelcke). 


rons of the cortical layers not involved by 
the spongy degeneration showed scattered, 
relatively mild changes such as early chro- 
matolysis and loss of Nissl substance. In a 
few instances hyalinization and complete 
disappearance of the cell body occurred. 
Neuronophagia was conspicuously absent. 
These changes occurred in seattered areas 
of the cerebral cortex, showing the changes 
of early, acute necrosis. The subcortical white 
matter showed only mild changes consist ing 
of what might be called chronic low-grade 
edema and probably represents m ider 
degree of the process involving the vrey 
matter. Nonetheless, the difference in the 
type of involvement was quite. striling. 
Here again, there was absence of; lial, 
phagocytic or inflammatory response. *!ye- 
lin sheath stains, however, revealed a dif- 
fuse, irregular, moth-eaten type of de) ive- 
severe in the 
spongy 


linization which was most 
vicinity of the areas of cortical 
degeneration, most marked in the fr atal 
lobes (Fig. 1). Neither in the grey nor ii the 
white matter could giant, naked nucl: i of 
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Fig. 2. Case 1. Junction of internal capsule and 

putamen, Spongy degeneration and edema of 

both grey and white matter. Relatively mild 
glial reaction (Woelcke). 


the Alzheimer type II glia be found. No in- 
clusion bodies were seen in any of the 
numerous sections that were examined for 
that purpose. 

The areas of the central nervous system 
affected by the spongy degeneration failed 
to follow any systematic distribution. Almost 
all grey masses of the brain and spinal cord 
were involved, but in a very irregular man- 
ner. ‘he basal ganglia (Fig. 2), especially the 
caudate nuclei, were affected but the amyg- 
dala and the hippocampus were not strik- 
ingl, involved. The brain stem was also in- 


voly |, again in the nuclear masses, although 
to vw ‘osser extent than the more cephalad 
stru ures. The anterior horns of the spinal 
cor’ showed rare scattered areas of mild 
spo) degeneration. The cerebellum was 
rel: ‘ly spared; the Purkinje cells and the 
gr ar layers appeared intact while the 
ce) ‘lar white matter was affected by mild 
ede Mild) vascular dilation and_ peri- 


Vas ar edema without vascular engorge- 


ment were found throughout the areas of grey 
matter involved by the milder degrees of 
chronic edema. 

In summary, the basic pathologie process 
appears to be a chronic edema of the grey 
matter, most pronounced in parts of the 
cerebral cortex, going on to spongy dege- 
neration, with relatively mild involvement 
of the white matter and mild, probably 
secondary demyelinization. There was a 
striking absence of glial and phagocytic 
response as well as of “Abbau’”’ products 
even in the most severely involved areas. 
The seattered, acute neuronal changes are 
felt to be the result of cerebral anoxia con- 
comitant with the terminal illness. 


CaSsE 2. (Case 9, (9)) 


Clinical History: This baby was born in 
breech presentation, she had one convulsion 
two or three days after birth, showed some 
cyanosis during the first few days, and a few 
recurring convulsions during the first four 
months. At 12 days of age, phenobarbital 
was given and the dosage was reduced by 
the mother shortly before the patient was 
four months old. Forty-eight hours later, 
status epilepticus ensued and 15 long major 
seizures occurred in less than 24 hours. When 
the patient was admitted to the hospital 
typical infantile spasms were observed 
which had not been recognized by the parents 
as being significant. The child was limp and 
less responsive than normal babies at age 
four months. Subdural taps and roentgeno- 
grams of the skull revealed no abnormality. 
Electroencephalogram showed multiple sei- 
zure foci. At eight months of age the normal 
motor, vocal, behavioral and adaptive func- 
tions expected in a 6-week-old infant were 
not present. Convulsions recurred occa- 
sionally and infantile spasms occurred many 
times daily. When the child was one year 
old, she started having increasing difficulty 
in swallowing and, at the same time, became 
thin and hypertonic, although she had been 
fat and limp earlier. During the last three 
months of life she had to be fed by gastric 
tube because of lack of swallowing ability. 
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Fig. 3. Case 2. Section through the corpus callosum and the head of the caudate nucleus. Diffuse, 
moth-eaten demyelination (Woelcke). 


She died at 20 months of age, emaciated 
and with severe spastic quadriplegia with 
fixed deformities. Frequent seizures contin- 
ued to recur until the last day. 

Pathologic Findings: There were no ab- 
normal findings outside of the central nerv- 
ous system. The brain weighed 810 g in 
fixed condition; it appeared normal except 
for a mild degree of cortical atrophy of the 
frontal lobes and a mild, generalized ven- 
tricular dilatation, especially marked around 
the third ventricle and aqueduct of Sylvius. 

Histologic Examination: The same techni- 
ques were used as in Case lI. 

The entire central nervous system revea- 
led a mild, diffuse, irregular demyelinization 
involving, to varied degrees, all areas of 
white matter (Fig. 3). This demyelinization 
appeared to be secondary to a widespread, 
generalized, chronic edema of the white 
matter, which in some areas took on the ap- 
pearance of spongy degeneration. Nowhere 
was this spongy degeneration so advanced 
as in Case 1. Strikingly, in this case, the 
pathologic process involved primarily the 
white matter with relative sparing of the 
grey. Here, as opposed to Case 1, the white 


matter stood sharply against adjacent, in- 
tact grey matter. In addition, a moderately se- 
vere microglial response was present through- 
out the central nervous system, involving 
all areas of white matter and spilling over 
into the adjacent cortex. Rare glial nodules 
and perivascular cuffs were present although 
the meninges showed no such signs of am in- 
flammatory response (Figs. 4). Congo Ited, 
PAS and Nile Blue sulfate stains gave nega- 
tive results. Oil Red O stain revealed rare, 
very small accumulations of brilliant red 
material in the wall of small blood vessels. 
There was a striking absence of phagocytes 
throughout the areas of destruction. 

The cerebral cortex showed small, scat- 
tered areas of early necrosis with chron ato- 
lytic neuronal changes, but no neurone »ha- 
gia was seen. The grey masses of the asal 
ganglia were not as well preserved as th: se of 
the cortex since areas of early spong de- 
generation were found in the globus pa_ idus 
and putamen. 

The spongy degeneration involved en- 
tire centrum ovale of the cerebral hemisy eres 
but in an irregular pattern the most eri- 
pheral areas, i.e., the axes of the convoli ions 
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| 
4, Case 2. Claustrum. Diffuse glial reaction 


and two glial nodules (Nissl). 


Fig. 5. 


Fig. 6. Case 2. Section through the hippocam- 

pus. Selective spongy degeneration of the rubro- 

thalamic fibers, the optic tract and the tapetum. 

Mild diffuse demyelination of the subcortical 
white matter (Woelcke). 


especially in the occipital lobes, in the insular 
cortex and the anterior part of the temporal 
lobes. The involvement, however, was not 
symmetrical. The optic chiasm was the most 
severely involved of all areas of white matter 
while the spinal cord was essentially spared 
(Fig. 5). The white matter was most affected 
immediately adjacent to the cortex so that 
in the occipital lobe one might get the im- 
pression that there was an almost selective 
involvement of the U-fibers. In some areas, 
such as the walls of the lateral ventricles, 
the spongy state showed signs of early nec- 
rosis. As expected, the lateral areas of the 
pons and medulla were more severely af- 
fected than the medial ones. The cerebellum 
was also diseased; there was a scattered loss 
of Purkinje cells and rarefaction of the gra- 
nular layer. An example of the irregular 
manner of involvement of the white matter 
is the fact that the corpus callosum ap- 
peared intact although the tapetum, the 
capsule of the red nucleus and the rubro- 
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thalamic fibers are severely affected (Fig. 6). 
Thus, it would appear that the involvement 
is non-systemic but in some ways selective. 
In summary, the spongy degeneration is 
again present in this case but predominantly 
involving areas of white matter with relative 
sparing of the grey matter. There is a mo- 
derate glial response, which in some areas 
resembles a definite inflammatory reaction. 
Again, however, there is a striking absence 
of phagocytosis and products of degeneration. 
Some acute changes are present in the corti- 
cal grey matter which may represent anoxic 
effects resulting from the terminal illness. 


CasE 3. (Case 10, (9)) 


Clinical History: This girl started having 
seizures at ten hours of age. They occurred 
many times daily and consisted of sudden, 
brief, jerky movements of the extremities 
and some facial twitching. At age three 
weeks she weighed 3765 g. General exa- 
mination was normal and the baby had good 
Moro and tonic neck reflexes. There were 
normal movements of the tongue, palate, 
and eyes, and the general muscle tone ap- 
peared normal for the age. The fundi also 
were normal, the deep tendon reflexes were 
symmetrical, and she had bilateral Babinski 
signs. 

Administration of phenobarbital, Mebaral, 
Mysoline, and Dilantin did not modify the 
number or severity of the seizures. When- 
ever ill with respiratory infection or having 
loose stools, some brief generalized convul- 
sions occurred. Until 18 months of age, 
there were minor motor seizures, which 
could be best described as infantile spasms, 
during almost every hour. After that age, 
the seizures diminished considerably in fre- 
quency. At 22 months of age, development in 
all spheres was that of a newborn baby. The 
extremities were markedly hypotonic during 
the first year but gradually developed in- 
creased tone. At this time, she was severely 
spastic, with fixed deformities and hyper- 
trichosis of the abdomen, pubic area and 
thighs. At 12 months of age she lost the gag 
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Fig. 7. Case 3. Temporal lobe. Subcortical white 
matter. Diffuse, early spongy degeneration. 
Moderate glial reaction (H & FE). 


reflex and had increasing difficulty with 
swallowing which progressed until the second 
birthday, after which she could be fed only 
by nasogastric tube. In the meantime the 
fundi had become very pale. She died in 
complete decerebrate rigidity at age 25 
months. 

Pathologic Findings: The only abnormal 
finding at the general autopsy was a con- 
genital hour-glass deformity of the esopha::us. 
The fresh brain weighed 850 g and showed 
only a mild degree of atrophy of the }.i1a- 
central lobules bilaterally. There was no 
significant ventricular dilatation. 

Histologic Findings: The basic patho’ »gic 
process was, as in the other two case-, a 
state of chronic edema which in some : '¢as 
went on to spongy degeneration and ne- 
crosis (Fig. 7) As in the first case, and a op- 
posed to the second one, in this brain the 
process was primarily involving the — rey 
matter. In the cortex, however, instea | of 
the deep layers of the cortex being invo ‘ed, 
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it was the middle layers which were affected. 
The spongy state was less well organized 
and many more areas of frank necrosis were 
present. A 


present although no frank nodules, peri- 


moderate glial response was 


vascular cuffs or meningeal infiltrates could 
be found. Even though the areas of spongy 
degeneration were accompanied by severe 
cell necrosis and loss, no neuronophagia and 
no phagocytic responses were observed. 
Oil Red O, PAS, Nile Blue sulfate and Congo 
fed stains revealed only rare, minimal ad- 
ventitial collections of neutral fat material. 
The involvement was irregular, scattered 
and non-systemic. It involved only very, 
few areas caudal to the basal ganglia, 
sparing the spinal cord. The cerebellum 
showed somewhat more severe involvement 
than did the previous two cases with small 
necrotic foci involving Purkinje cells and 
granular layer. On the other hand, the cere- 
bellar white matter showed a moderate 
degree of spongy degeneration. The occipital 
cortex was the most severely affected. The 
white matter showed a very mild, diffuse, 
moth-eaten type of demyelinization, as well as 
the generalized, moderate gliosis mentioned 
above. In the brain stem, the external cap- 
sule and the cerebellum, as opposed to the 
subcortical white matter, there was selective 
involvement of the white fibers as opposed 
to the grey matter. This is a picture which 
strongly resembles the findings in Case 2, 
while the cerebral hemispheres present a 
picture more similar to Case 1. In summary, 
the chronie edema and spongy degeneration 
found in the previous two cases again ap- 


peared to be the basic pathological process. 
While in the cerebral cortex and basal ganglia 
the zrey matter was most severely involved, 
in t\¢ brain stem the white fibers appeared 
aln ost selectively involved. Moderate gliosis 
but absence of phagocytic response and 
A products are again a major finding. 
In ' tis case the process appears to be some- 
wi more acute as judged from the more 
fr nt occurrence of areas of frank ne- 
Cl throughout the central nervous sys- 


Discussion 


In a previous communication (9) from 
the University of Utah, the clinical syndro- 
me of infantile spasms was presented and 
discussed in detail. It was pointed out 
that most of the children so affected were 
normal during the first weeks and months 
of life but they started deteriorating coin- 
cidentally with the onset of seizures. The 
striking similarity of children with phenyl- 
ketonuria, a metabolic disease, to children 
with infantile spasms was emphasized in 
the earlier paper. The similarity in clini- 
val progression, in seizures and EEG (5), 
presents the hypothesis that many, not 
necessarily all, infants with this syndrome 
may be affected with a disease of chemical 
origin. There may be several types of en- 
zymatic deficiencies that can manifest 
themselves in one single syndrome, only 
one of which has been separated from the 
group so far, namely phenylketonuria. 

Most children with infantile spasms 
and hypsarhythmia survive beyond the 
first few years; in fact, they do not deterio- 
rate beyond a certain level which they 
reach sometime between two and three 
years of age, and the seizure and EEG 
picture changes gradually after that age. 
If the hypothesis is correct that most of 
the children so affected belong to specific 
metabolic entities, they should have simi- 
lar pathological changes in the central 
nervous system. Only the most severely 
affected of these infants die while the 
deterioration is active; the less acute cases 
will not come to autopsy unless the chil- 
dren die due to unrelated causes. Therefore, 
the findings that are presented here must 
be active and extreme ones compared to the 
children who show signs and symptoms 
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later and survive with less severe mental 
retardation. 

The three cases presented in this report 
have in common a similarity in pathologi- 
cal findings in addition to their parallel 
clinical course. 

The three brains we were able to study 
show the same basic pathologic process 
characterized by chronic edema of varying 
degree of intensity, resulting in a spongy 
degeneration. In the first case, it is the 
grey matter that is primarily involved; 
in the second, the white matter with re- 
markable sparing of the grey; while in the 
third, both the grey and the white matter 
are affected, albeit the first more severely. 
Demyelinization certainly is not a pro- 
minent feature of this process, even in the 
second case where white matter is almost 
universally affected. The process, except 
in the first case (and there might be an 
explanation for this fact), is characterized 
by a moderately severe, wide-spread mi- 
croglial reaction, unaccompanied by pha- 
gocytic response and accumulation of 
products of degeneration. Inflammatory 
changes are present in the second case to 
a very small degree but conspicuously 
absent in the other two. There is nothing 
in the three cases to suggest vascular con- 
gestion, no evidence for vascular thrombo- 
sis. On the contrary, vascular proliferation 
and endothelial degeneration are striking 
findings in the first case. 

The neuropathologic changes have al- 
most all the features of cerebral edema as 
delineated by Scheinker (16)—features 
that he feels differentiate cerebral edema 
from what he calls cerebral tumefaction. 
These are alveolar or sieve-like appearance 
of nervous tissue, maximal distention of 
perivascular or pericellular spaces, evi- 


dence of degeneration of capillary e o- 
thelium, no increase in neuroglial ‘ber 
and the presence of only a few micro. lial 
phagocytes near the walls of some } 50d 
vessels. The major difference in our cases 
was the lack of vascular congestion and 
stasis and the fact that simple cere bral 
edema usually involves the white m:tter 
more than the grey. 

These two facts might be interpret«:| as 
signifying that in our cases we are dealing 
with a different process, or something !ore 
than simple edema. Certainly, the “or- 
ganization” and extent of involvement, 
lack of frank necrosis, especially in the 
first case, suggests a more chronic process, 
perhaps even a more complex one than that 
which usually results in simple cerebral 
edema. Since we are dealing here with what 
may be a new pathologic entity, it be- 
hooves us to consider the possibility of the 
changes observed being artefactual. We 
have already recognized the fact that the 
scattered areas of early necrosis found in 
the cortex and certain other areas (such as 
the substantia nigra and the olives and 
dentate nuclei) in all three cases probably 
represent acute anoxic changes resul(ing 
from terminal illness and agonal condi- 
tions. 

It is well known that fixation and om- 
bedding result in artefacts t/iat 
superficially resemble edema. In our »re- 


may 


parations, however, the same spoigy 
appearance was found in sections prep: red 
by freezing as by embedding in para fin 
or celloidin. On the other hand, the reg |a- 
rity and extent of the vacuoles, the s: c- 
tivity of the spongy degeneration for 
certain areas, the capillary prolifera on 
and endothelial degeneration, and, 1 0st 
important, the extensive microglial 1 1c- 
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tion in the second and third cases all argue 
agaist the observed changes being arte- 
factual. 

The glial response found in Cases 2 and 
3, and especially the absence of it in the 
first case, which showed the most advan- 
ced and best developed spongy degenera- 
tion, is worthy of comment. 

The age at death of these patients must 
be taken into consideration. The first 
patient was only 7 months old at death 
while the other two were 20 and 25 months 
old, respectively. Clinical evidence seems 
to indicate the presence of a more rapid, 
more extensive process in the first case, 
yet the glial response is absent. The reason 
for that may be that this child had died 
of intercurrent pneumonia at an earlier 
age. Another explanation may be the fact 
that very young children are “incapable” 
of producing a glial response. In the last 
2 children, who apparently died of the 
primary disease, the glial response appears 
fresh. The glial fibers are rare and certainly 
nowhere in these two brains can one find 
the dense glial network one might expect 
from an old quiescent process. The glial 
response here is one that appears to be 
active and in some ways resembles that 
found in some of the subacute encephali- 
tides, especially van Bogaert’s subacute 
sclerosing leucoencephalitis. 

The lack of phagocytic response and the 
almost total absence of “Abbau’’ products 
isp -bably due to the fact that demyelini- 
zati) is relatively mild. This explanation, 
howver, cannot suffice in view of the 
wid -pread distribution of actual loss of 
tis: in some areas. Again, here we must 
po: late some factor inhibiting the usual 
ocytie reaction and in addition sug- 
ges the possibility of metabolic trans- 


formation of the abbau products into some 
material that cannot be demonstrated by 
the histological techniques employed. It 
has been suggested that perhaps such a 
material was present in the vacuoles and 
was lost during fixation. At the present 
time, no satisfactory explanation is avail- 
able for all observed phenomena. 

One condition in which the pathologic 
picture is similar to the one encountered 
in our 3 cases is one of the leucodystrophies 
first described by van Bogaert & Bertrand 
(18) under the name of “familial idiocy 
with spongy degeneration of the neuraxis’’. 
These cases show status spongiosus of the 
grey and white matter of the cerebral 
hemispheres as a prominent and charac- 
teristic feature, but have as another equally 
important characteristic extensive, 
generalized dysmyelinization (10). In this 
disease, a profusion of giant, naked glial 
nuclei of the Alzheimer Type II cell are 
present. This disease, as the name indi- 
cates, is at least familial, probably here- 
ditary. In our three cases the resemblance 
ends with the spongy degeneration. The 
other features are completely lacking. 

Our first case was a first child with one 
later born normal sibling; oursecond patient 
was a fourth child with completely normal 
siblings, while the third patient had one 
older and now two younger, normal sib- 
lings. Thus far there is nothing to suggest 
that we are dealing with a familial or here- 
ditary condition although the possibility 
cannot be ruled out at the present time. 

Another group of diseases to consider 
especially in the first and third cases, are 
the poliodystrophies reported by Alpers, 
(1), by Ford et al. (5), by Christensen & 
Krabbe (2), and others. Superficially our 
Cases 1 and 3 would resemble this condi- 
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tion except for the lack of familial inci- 
dence. It is of interest that DeJong & 
Bebin (3) reported a case showing a com- 
bination of true poliodystrophy with leu- 
codystrophy of the status spongiosus 
type. 

The leucodystrophies and the polio- 
dystrophies are almost certainly diseases 
characterized by abnormal metabolism, 
especially the former which are closely 
related to the lipidoses. In phenylketon- 
uria, another dysmetabolic condition 
which severely affects the central nervous 
system, even though the type of demye- 
linization is similar to the one found here 
(15), there are as a rule no changes com- 
parable to the spongy degeneration found 
in our case with the one major exception 
of the 
Lichtenstein (7) has pointed out that in 


ase reported by Sander (15). 


the status spongiosus of pernicious ane- 
mia, the astroglial response is often inade- 
quate and very often the glial cells perish. 
The deficiency of the glial response is 
believed to be a factor in the formation 
of the sieve-like or honey-comb areas so 
commonly termed status spongiosus. Einar- 
son & Neel (4) have postuiated the neces- 
sity of an enzymatic factor to be present in 
the tissue in order to summon a glial 
response in the presence of injury. Rather 
than suggest a factor in a mechanistic 
sense, Poser & van Bogaert (13) preferred 
to look upon this as a stage in the orga- 
nism’s response to injury without invoking 
the presence of a specific “substance” or 
factor. Be it as it may, primary injury to 
the glial system rather than to the ground 
substance may well be an important factor 
in the pathogenesis of the disease in our 
three cases. It is interesting to speculate 
that here, as in other instances of status 
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spongiosus, a metabolic disturbance 1: zht 
be the basic pathogenetic defect. 
From the pathological findings, it i- im- 


possible, at the present time, to offe: an 
explanation for the clinical picture. S: per- 
ficially the clinical illness resembles sub- 
acute sclerosing leucoencephalitis of van 
Bogaert which, interestingly enough, also 
has a characteristic electroencephalozra- 
phic picture. Yet, there can be no (ues- 
tion that it is the anatomical involvement, 
not the type of tissue damage, that deter- 
mines the clinical signs and symptoms. 
Undoubtedly the same can be said in our 
three cases. The fact that in the first case 
it is the grey matter that is primarily in- 
volved, that in the second it is the white 
matter which bears the brunt of injury, 
while in the third both grey and white 
matter are involved is puzzling in view of 
the similarity of the clinical picture, and 
also in terms of the etiology of the discase. 
However, in all three cases the disease is 
widespread and essentially the same ana- 
tomical structures are involved, either 
directly by cell loss, or indirectly by inter- 
ruption of the nerve fibers issuing from 
spared ganglion cells. 

Work has been in progress during the 
past few years trying to demonstrate in 
children with infantile spasms and hyps- 
arhythmia abnormal urinary metabo! ites 
which may be related to an under!, ing 


biochemical defect. This line of resear: |i is 
promising but not yet conclusive. 
Summary 
Detailed brain autopsy reports on ¢ ree 
children with infantile spasms and_»ro- 


gressive physical and mental retard: ion 
are reported. The findings in these « ‘ses 
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are Jifferent from those described in other 
well lefined disease entities but they are 
simiiar to each other. The outstanding 
features are chronic edema and spongy 
degeneration with but little glial reaction 
and little evidence of repair. In the first 
case, the grey matter was primarily in- 
volved: in the second case, the changes 
were mainly of the white matter; and the 
third case was mixed in distribution. This 
syndrome is not one of primary demye- 
linization. It is possible that an enzymatic 
defect is responsible for the poor glial and 
phagocytic response in these brains; this 


would be compatible with the clinical im- 
pression that many, if not all, children with 
this clinical syndrome suffer from a disease 


of metabolic origin. 
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Blood Level of Cerebrosides in Gaucher’s Disease! 


by PER OLOF HILLBORG and LARS SVENNERHOLM 


Gaucher’s disease is a heredofamilial 
disorder characterized by a disturbance 
in the cellular metabolism of cerebrosides. 
These lipids are accumulated in large, pale 
cells (Gaucher cells) which arise from the 
reticuloendothelial cells in all parts of the 
body. Many theories have been advanced 
concerning the cause of the disturbed cere- 
broside metabolism in Gaucher’s disease. 
Pick (6) formulated the theory of a pri- 
mary disturbance of the intermediary 
lipid metabolism which expresses itself in 
an accumulation of cerebrosides in the 
blood plasma and secondarily to a storage 
of the abnormal lipids in the reticuloendo- 
thelial cells of the spleen, liver and bone 
marrow. This view has been strongly 
criticized by Thannhauser and coworkers 
(9). They assume a dysfunction of the 
reticulum cells themselves as a result of an 
enzymatic disturbance within the cells. 
This leads to an increased biosynthesis of 
cercrosides and simultaneously to a 
storige of these substances within the 
Thannhauser and coworkers have 
ma ly based their theory on negative 
tes’ for cerebrosides in normal serum as 
we in serum of patients with Gaucher’s 
dis se, 


‘nnerholm & Svennerholm have re- 


1e work was supported by grants from the 
Sw sh Medical Research Council. 


cently shown (7) that earlier methods for 
the estimation of cerebrosides in blood are 
unreliable. Using a new method they have 
determined the cerebroside level of normal 
sera. We have used the same method and 
have analysed sera obtained from six 
splenectomised patients with Gaucher’s 
disease. In all the content of cerebrosides 


was increased. 


Material 


The six patients live in Norrbotten County 
of northern Sweden and have been treated at 
the Department of Pediatrics, County Hospi- 
tal of Boden. All blood samples for cerebro- 
side analysis were obtained in 1958. 

Some of their clinical and laboratory data 
are summarized in Table 1. In all the pa- 
tients the first symptom was enlargement of 
the spleen at or before the age of one year. 
All six developed anemia, four of them leu- 
copenia and five thrombocytopenia. Splen- 
ectomy was performed from one to eleven 
years after the onset of the disease. In all 
cases the spleen contained typical Gaucher 
cells. Only one spleen was sent for chemical 
analysis. The cerebroside content was 4% 
of the dry weight. 

Anemia was not much influenced follow- 
ing the operation, but in all cases a pronoun- 
ced leucocytosis developed which persisted 
at least five years after operation. The throm- 
bocyte returned to normal after 
operation in all cases. 

X-ray examinations of the skeleton were 
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TABLE 


— 
Blood values Bone chang: Tal 
a 
Spleno- Splen- — 
megaly  ecto- Mean value At the time Postope: ‘tive plas 
detected Preoperative two first years for cerebro- Preoper- atte OF 
Case at age atage lowest value after operation side analysis ative yeai 
1A.A. Iyear Hb.: 57% 67 (64-76) — Hipjoin 1 mt 
born Whe: 3.2 x 1000 16.8 (8.4-31.7) 10 Femur nicta- nea 
1946 Platelets: 102 301 (130-580) 412 physis 2} 
1000 n=10 11 yrs postop. Alt 
2.5. J. 7 Hb: 46% 70 (62-80) 70 — Hipjoint 9 | tha 
born Whe: 3 « 1000 18.2 (5.0-29.6) 21.8 Femur micta- nor! 
1947 Platelets 59 283 (187-444) 250 physis 2 
1000 n=9 4 yrs postop. shige 
Hb: 63% 70. (65-80) 71 adu 
born 1951 Whe: 2.4 1000 24.9 (11.1-37.2) 21.2 Femur nicta- of 
sister of Platelets: 72 364 (207-527) 292 physis 2 
Case 2 1000 n=4 4 yrs postop. tom 
4.8. O. | 1} Hb: 49% 67 (61-75) 65 Hip joint 3! plas 
born Whe: 4.3 x 1000 21.1 (11.2-31.5) 14.7 Femur meta- trau 
1952 Platelets: 69 330 (140-580) 348 physis 33 ; 
1000 n=13 4} yrs portop. | cere 
5. J. 0. Hb: 53% 65 (54-79) 61 441 
born 1954 Whe: 2.4 * 1000 13.2 (10.5—16.8) 12 Femur meta- It 
brother of Platelets: 94 339 (148-566) 367 physis 2) | f 
Case 4 1000 n=9 2} yrs postop. i — 
> > [= CeLIS 
l 12 Hb: 66% 88 (74-101) 73 —  Spin.column! ell 
born Whe: 7.4 * 1000 21.0 (15.7—26.2) 9.9 Femur meta- | 10 ¢ 
1940 Platelets: 152 x 232 (183-282) 319 physis 4 ass 
1000 n=4 63 yrs postop. 
— cast 
but 
normal preoperatively. Shortly after splen- last decantation the remaining cells were 
ectomy changes were observed. A detailed packed by centrifugation at 3.000 rpm for 
report of these changes will be reported 3 minutes. A pipette with a wide tip was \ 
(Hillborg, unpublished). brought to the bottom of the centrifuge | ibe . ii 
and 5 ml packed cells was transferred ‘0 a ‘aie 
Method small flask. Five ml physiological saline was men 
added and the flask was thoroughly swirled. chyn 
The method described by Svennerholm Two ml cell suspension was dropped into amo 
& Svennerholm (7) for the determination of — 50 ml boiling methanol. The solution vas iia 
cerebrosides in plasma was followed in detail: filtered and the precipitate was we-hed h; 
venous blood was drawn into centrifuge twice with 5 ml portions of warm meth» nol. at 
tubes containing sodium citrate and centri- | The combined filtrates were evaporate | (” but 
fuged. The plasma was pipetted off after vacuo and redissolved in 20 ml chloroi ."m- ace) 
centrifugation and treated as described (7). methanol 2:1, v/v. 5 ml 0.1% saline was orga 
The blood cells were resuspended in two added and the content mixed by sha’ ing. pr 
volumes of physiological saline and centri- Then the procedure applied for pl: sma 
fuged. The supernatant was decanted off and extracts was followed.—All analyses ere 
the washing was repeated twice. After the performed at least in duplicate. abn 
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Results 


The results of the analyses appear in 


Tabic 2. Also shown is the mean value for 


plasma and red blood cell cerebrosides in 
25 normal subjects aged 28-82 years. It is 
evident that the plasma cerebroside level 
in the patients with Gaucher’s disease is 
nearly twice as high as the normal mean. 
Although the normal subjects were older 
than our cases, analysis of plasma from 
normal children indicate that their cere- 
broside level is somewhat lower than in 
adults. The possibility that the raised level 
of cerebrosides was a result of the splenec- 
tomy as such was excluded by analyzing 
plasma of two patients splenectomised after 
traumatic rupture of the spleen. Their 
cerebroside levels were normal, 3.9 and 
4.4 my/100 ml, respectively. 

It is difficult to draw any conclusions 
from the cerebroside analyses of the red 
cells. The normal material comprises only 
10 cases and the variations are large in 
our five cases analysed. In three of the 
cases the cerebroside content was normal 


hut it was raised in two of them. 


Discussion 
(8) and 


ner (1) the cerebrosides are mainly 


As shown by Svennerholm 


Briic! 


mem!rane lipids and occur in all paren- 
chymatous organs in about the same 
amonnt as in the fetal brain. Under normal 
cond ions galactose is the only sugar 
whic.: can be identified in the cerebrosides, 
but Gaucher’s disease the cerebrosides 
accli ulated in the reticuloendothelial 
orga mainly contain glucose. It is 
pre le that in Gaucher’s disease gluco- 
cere’ sides are formed in all organs. The 
abn .nal cerebrosides cannot undergo 
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TABLE 2. Cerebroside content of plasma and 
red blood cells 
Cerebrocides mg/100 ml 
Case Plasma Red blood cells 
2. J.J. 9.7 25 
8.1 — 
4.8.0 7.4 26 
5. J.O 5.9 24 
6. K. J 7.9 53 


Normals age 
28-82 years 4.36 +0.18 


(n = 25) 


metabolic breakdown by the usual path- 
ways. As they are not metabolised in the 
cells where they are formed, they are re- 
leased to the intercellular space and blood 
and then taken up and stored in the reti- 
culum cells. 

The spleen is the main storage place for 
the gluco-cerebrosides. If the hypothesis 
above is valid the accumulation of gluco- 
cerebrosides in other organs containing 
reticulo-endothelial cells must be acceler- 
ated after splenectomy, primarily in the 
liver and bone marrow. Many authors are 
of the opinion that splenectomy does 
not hasten bone involvement in Gaucher's 
disease (Logan (2)). However, Miiller (3), 
Myers (4) and Pack et al. (5) and Ullrich 
have observed cases in which a rapid prog- 
ress of skeletal changes occurred soon after 
splenectomy. 

Several authors state that the prognosis 
in Gaucher’s disease depends on the age at 
which the first symptoms arise. In this 
respect the present case material is unusu- 
ally homogeneous; all patients developed 
the first symptom of the disease at or be- 
fore the age of one year. One might expect 
evidence of skeletal involvement to appear 
at about the same age, whereas in fact 
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bone changes occurred at quite different 
ages. But in all patients they appeared 
within four years after splenectomy. This 
observation makes it likely that splenec- 
tomy leads to an accelerated deposition of 


cerebrosides in the bone marrow. 


Summary 
The cerebroside content of blood in six 
patients with chronic Gaucher’s disease, 


all splenectomized, has been analysed. 


PER OLOF HILLBORG AND LARS SVENNERHOLM 


The plasma level was markedly incre :sed 
in all. The present investigation su 9; orts 
the hypothesis of Pick that there is a: -ne- 
ralised disorder of the cerebroside met }o- 
lism in Gaucher’s disease which exprisses 
itself in an accumulation of cerebro. ides 
in the plasma and, secondarily, lea:s to 
storage of the abnormal lipids in the re- 
ticulum cells. 
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Acta Peediatrica 49: 711-723. Nov. 1960 


(International Children’s Centre Laboratories, Paris: Professeur Robert Debré) 


A Study of Group A Hemolytic Streptococcus Carriers 


Among School Children 


Part I. Material, Methods and Results of the Studies 


by P. MOZZICONACCI, CL. GERBEAUX!, R. CARAVANO®, 
S. GERBEAUX2, J. LABONDE!, S. RAHMAN), F. RABCYNSKA!, 
E. ORSSAUD! and P. VIROLLEAU® 


The possibility of preventing rheuma- 
tic fever by early treatment of streptococcal 
pharyngitis has led to epidemiological stu- 
dies on the spread of the group A hemoly- 
tic streptococcus. 

Most of these investigations have been 
carried out on members of the armed 
forces. Thus they were performed upon a 
large number of methodically followed up 
and closely studied subjects, and yielded, 
under the circumstances, exceptionally 
valuable information. Their results, how- 
ever, are only valid for a well defined 
population group, viz. young adults living 
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in closed communities under conditions 
particularly favourable for the spread of 
infections. Moreover, most of these in- 
vestigations were made during the course 
of epidemics. 

For these reasons it is particularly in- 
teresting to study the epidemiology of 
streptococcal infections in communities of 
children, especially in schools. The condi- 
tions of study here are very different from 
those met with in the armed forces not only 
on account of the age of the subjects but 
also because the group life of school chil- 
dren is of a less permanent kind and the 
number of new infections brought in from 
outside is not negligible. 

Three types of investigations have been 
made among children. Some were under- 
taken during an epidemic, their principal 
aim being (as in the case of the one by 
Russel (22) and that of Poskanzer) (16) to 
study the most effective measures of 
stopping the epidemic. Others were under- 
taken with a view to detecting strepto- 
coccal throat infections; that is among all 
the sore throats and pharyngitis oc- 
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curring in school-children, to identify 
those due to the group A _ hemolytic 
streptococcus, and therefore likely to 
benefit by treatment with antibiotics. 
The original study of Bunn & Bennet (2) 
along these lines was followed by a series 
of similar ones. Finally, a third type of in- 
vestigation was that of a systematic search 
for bacterial carriers unconnected with any 
epidemic or even any infection in normal, 
class attending, and apparently healthy 
school children. Several surveys of this 
kind were made in the United States (4, 15, 
17, 23) and Great Britain (10). The present 
study belongs to this third category: it 
consisted in choosing a group of 241 school 
children of the same age group, and taking 
throat swabs systematically from these 
241 children every fortnight for two con- 
secutive school years, at the same time col- 
lecting all information likely to explain 
the occurrence of a streptococcal infection 
in any one of them. Such an investigation 
permits only the detection of germ carriers 
(temporary or chronic), and possibly of 
subjects with clinically apparent infection; 
it cannot distinguish a healthy carrier 
from a child with subclinical disease, re- 
vealed solely by immunological tests. 


Material and Methods 
I—Selection of subjects 


The town where our survey was made, 
was chosen because of the facilities granted 
by the school and municipal authorities. 
It is a suburban township of some 40,000 
inhabitants, which comprises several school 
units. The unit chosen for the survey was 
selected for practical reasons (easy access, 
interior arrangements suitable for swabbing) 
and also because its population seemed to 
present socio-economic conditions very fa- 


vourable for the purposes of the inves ‘ga- 
tion. 

The children followed during the \v, iole 
period of the survey were attending the 
first year medium course to begin ith, 
Three forms of boys and three forms of zirls 
belonging to the same school unit, bu oc- 
cupying, within the latter, separate and 
quite different premises, were selected. The 
boys occupied a building of recent consi ruc- 
tion, well-lit and aired, relatively spacious 
and with tiled floors. The girls, housed in an 
old, much darker building, with wooden 
floors, were much more crowded together 
and definitely less favoured from the health 
point of view. 

The six forms selected were examined 
according to the method described below 
from February (beginning of the enquiry) 
to the end of June 1957 (beginning of Sum- 
mer School Holidays). During the second year 
of the survey (from November 1957 to the 
end of June 1958), the children of the cor- 
responding six forms of the 2nd year Medium 
Course, which comprised most of the chil- 
dren examined during the previous year, 
were followed. The difference, inevitable in 
any survey of this kind, is due to the re- 
organization of the forms and the movements 
of population. Subjects studied were as fol- 
lows: 

—during the first year, 217 children of 

whom there were 106 boys, and 111 girls, 

—during the second year, 228 children of 

whom there were 104 boys, and 124 virls. 

Ninety of the boys and 105 of the virls 
followed during the second year had !:cen 
followed during the first year. 

The average age of the children wa: 10 
years, ranging from 8 years to 13 yer's 4 
months. 

Before the survey was begun, the ‘tal 
contingent of children was divided into wo 
comparable groups by drawing lots, us g a 
table of random figures. These 2 g ‘ips 
were established in order to study th in- 
fluence of various techniques. 

The cooperation of the teachers, the far lies 
of the children and the physicians of the’ wn 
was secured by numerous personal cont +s; 
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tal, and lectures explaining the aims pur- 
suc: and the methods to be used. This 
preliminary preparation, in which we were 
actively assisted by the municipal and aca- 
demic authorities and by the School Health 
Services, enabled us to carry out our in- 
vestigation without any difficulty and in an 
atmosphere of understanding which greatly 
facilitated our task. 


II1—Swabbings 


In so far as was possible, throat swabs 
were taken from all the children every fort- 
night, except during the long summer holi- 
days. In some cases the swabs had to be 
taken after an interval of 3 weeks. 

For practical reasons the swabs were 
taken in the morning from 10 to 11 a.m., 
three forms a day for 2 days running. To 
avoid a possible cause of error, the different 
forms were attended to in the same order 
each time, fixed at random at the outset of 
the survey. The class teacher was swabbed 
at the same time as his or her class. 

Except in a few cases, the swabs were 
taken by the same person throughout the 
enquiry. In addition, the child was asked 
a few questions about any recent illness in 
himself or in the persons living at his home, 
or any current treatment (antibiotics) likely 
to affect the findings of the swab. Each of 
the children underwent a brief clinical exa- 
mination of the throat and the lymph-glands 
of the truncus jugularis. 

All this information was recorded on a 
filine card on which the bacteriological re- 
sults were subsequently added. 

‘T venty-five sets of throat swabs were thus 
takin from February 1957 to June 1958. 

1’ side these routine swabbings, a welfare 


wo! er or a school nurse took, on every 
wo: ing day, a throat swab of any child of 
the ollowed up group who had been absent 
fro’ morning class. These swabs, sent to the 
lal) atory the same morning and examined 
dit ‘ly without enrichment media, were 
mt to establish any acute streptococcal 
in' ‘ion that might have occurred among 
th hildren. 


111—Medico-social study 


For each regularly followed child a file 
was constituted comprising: the 25 cards 
drawn up during the successive swabbings 
mentioned above. A set of answers to 98 
codified questions forming a _ relatively 
searching medico-social enquiry. These ques- 
tions bear upon the following matters: civil 
status, physical information of genetic 
nature (colour of the eyes and hair, race, 
filiation, ete. ...), personal record of the sub- 
ject (with special reference to streptococcal, 
rheumatic and allergic previous history), 
past record of all persons living in the child’s 
home, social level appraised in terms of the 
father’s occupation (and possibly of the other 
persons working in the household) and in 
terms of the main expenditure headings, 
housing conditions (especially the degree of 
hygiene and overcrowding), special factors 
of contamination due to the occupations 
of the child or of his parents. 

This record was completed during the first 
four months of the study, partly by the 
school physician, partly by the welfare wor- 
ker. 

These results were coded and transcribed 
on perforated cards so as to allow as full 
a mechanographie exploitation as possible 
later on. 


IV—The technique of swabbing 


Considering the way in which the swabs 
were taken to be of paramount importance, 
we made it a point to strictly observe the fol- 
lowing rules: (1) Since swabbings cannot be 
taken fasting in our school children, the throat 
swab was taken at least 2 hours after break- 
fast. (2) The swab was taken after the child 
had been made to swallow if his throat was 
full of saliva. (3) The use of a sterilized metal 
tongue spatula was the rule, not only in 
order to expose the site of the swabbing pro- 
perly but also to prevent contamination by 
the germs of the tongue and the saliva. (4) 
The swabbing was performed by the same 
operator throughout the study. (5) The 
swabbing was performed by firmly rubbing 
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the right tonsil, the right anterior arch, the 
contour of the uvula, the left anterior arch, 
the left tonsil, in that order, ending the pro- 
cedure by touching the posterior wall of the 
-avum if it was not covered with muco-pus 
of nasal origin. (6) The content of the applica- 
tor was either immediately put on a blood 
agar plate or was introduced into a preserva- 
tion and enrichment medium prior to being 
taken to the laboratory. 


V—Isolation 


A. The isolation itself was always done in 
the same way, but three different preliminary 
procedures were used: 


(a) direct isolation: the blood agar plates were 
brought to the place of swabbing. The throat 
swab was put on blood agar on the spot. 
The plates thus seeded were taken in a metal 
carrier back to the laboratory where, about 
one hour later, they were placed in an in- 
cubator at 37°C. 

(b) ¢solation after passage of the throat swab in 
an agar selective medium (containing crystal 
violet and sodium azide in the proportions 
suggested by Holmes (9). This medium was 
contained in tubes of 15 em by 1 em, 2 ml 
being poured into each tube. As soon as the 
swab had been taken, it was introduced into 
the agar medium in such a way that its 
wad of cotton was buried but the part of 
the metal stem which had been in contact 
with the operator’s fingers emerged above 
the cotton stoppering the tube. Taken to the 
laboratory without any special precautions, 
the tubes were left at room temperature for 
24 hours. At that time our main concern 
was to try out a transport medium which, 
whilst sparing the streptococci in the swab, 
would inhibit to the maximum the growth 
of other organisms likely to develop at the 
expense of the streptococcus. 

(ec) ¢solation after passage of the throat swab 
in a selective medium of the same com- 
position as the previous one but without 
agar and therefore fluid. One advantage of 
this medium is to allow dispersal of the or- 
ganisms by shaking; it further yields a 


more abundant culture. It presents, how: er, 
the disadvantage of making transport 
difficult. Assuming that, in selective m: tia, 
inhibiting substances act especially by ro- 
longing the latent phase of the organisms : » be 
evicted during the period the organism so: zht 
for is beginning to develop, we limited the 
incubation at 37°C to six hours. The isol« ion 
was performed at the end of these 6 hours, 

B. Isolation proper: Isolation al- 
ways done on Petri dishes of a diameter of 
10 cm containing horse blood agar. The 
throat swab was pressed on to a small sur- 
face of the dish and the inoculum was then 
spread out in quadrants. 

After 20 hours of incubation at 37 C a 
first reading of the plates was done. Colonies 
likely to be hemolytic streptococci, judging 
from the presence of a zone of complete 
clear hemolysis or imperfect but non green 
turning hemolysis!, as well as from their size 
and appearance, could be taken up at once. 
Doubtful or negative plates were put back in 
the incubator and were submitted to a 
second reading 24 hours later, i.e. after in- 
cubating for 48 hours, at the end of which 
time certain colonies might become apparent 
or only then seem to be suspect. 

In case a plate had been contaminated 
by a Proteus (or any other contaminating 
mobile organism), a second isolation was 
made by reseeding the original inoculum on 
an incubator-dried blood-agar plate, which 
was again dried after the seeding and placed 
in the incubator with about ten drops of 
absolute alcohol in its cover. 


VI—Purification 


Because of the many examinations e- 
quired and the limited possibilites of | ur 
laboratory, only a single colony was fur’ er 
purified; this was done by another isolat n, 


1 The frequently used term ‘“‘beta hemol; =” 
should be reserved for hemolysis obtainec by 
mass culture. In surface seedings the term ** 
hemolysis” seems preferable for designating on 
green-turning hemolysis. 
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th: colony being spread out on blood agar 
in ‘ie way already described. 

.s, however, the original isolation plate 
was not thrown away until the organism 
had been identified, one or several other 
colonies could be taken up from it, if, on 
comparing the 2 plates (isolation and puri- 
fication), the purified colonies seemed dif- 
ferent from the suspect colony. 


ViI—Identification 

A colony thus purified was collected by 
capillary aspiration with a slightly bent 
micropipette and seeded in a _ hemolysis 
tube containing 2 ml of blood broth. After 
incubation for 6 to 8 hours, the growth of the 
culture was noted as well as any lysis of the 
blood cells, which would indicate the pre- 
sence of a soluble hemolysine. 

The purity of this culture was checked 
on one quarter of a blood-agar plate (the 3 
other quarters serving for 3 other cultures). 

If the culture proved to be pure, 1 or 2 
drops were taken to seed 20 to 30 ml of 
glucose broth, and placed in an incubator for 
24 hours; the germs collected by centrifuging 
of this broth were used to make an extract 
for grouping according to the technique of 
Lancefield. 

More often than not, when the suspect 
colony seemed uncontaminated on the first 
isolation plate, we seeded it directly in blood 
broth without passing through the purifica- 
tion stage, subsequently resuming purifica- 
tion if necessary. This enabled us to identify 
the organisms 24 hours earlier. 


VITI—P reservation 


. Solid media for Petri dishes. Since the 


bottom of commercially available Petri 
dish s is seldom flat, blood agar poured on to 
ther: is not of the same depth throughout; 


this renders the interpretation of the hemo- 
lyti. zone and of its colour (alpha, beta or 
gan na) especially difficult. To overcome this 
diff’ ulty it seemed best to make the bottom 
of te plate even by first pouring on to it a 
thir layer of ordinary colourless agar; subse- 
que tly, it is thus possible to obtain a layer 
of | vod-agar of equal depth over the whole 


surface of this dish. We therefore used 2 
media for our Petri dishes: 


(1) basic agar the composition of which is 
as follows: for one litre of distilled water: 
Sodium Chloride 9 g, Agar-agar 200 g. 
(2) blood agar prepared by adding 4 % of de- 
fibrinated horse blood! to a buffered broth, 
without glucose. It seems particularly im- 
portant to use broth without glucose, as 
many trials made in the laboratory have 
shown that glucose can modify the hemo- 
lytic power of the streptococci. This buffered 
medium is prepared as follows: for one litre 
of distilled water: Liebig extract 5 g, Fibrin 
peptone 20g, NaCl 2.5 g. Adjust the pH to 
7.8 and add: Monopotassium phosphate 0.7 g, 
Disodium phosphate (12 H,O) 8.3 g. Filter 
on hard Durieux, precipitate for 20 minutes 
at 120°C, leave for 4 hours, pour off and add: 
Agar-agar 15g. Divide out and sterilize for 
20 minutes at 115°C. 

B. Selective enrichment media. Three dif- 
ferent media were used successively: 


(1) A fluid medium adapted from that of Pike 
(Technique 2). Its basic element is a meat 
extract broth described in the preceding 
paragraph to which are added, for one litre 
of broth: Sodium azide 2 g, Crystal violet 
(1/400 solution) 1 ml, Hemolysed horse red 
blood cells 30 ml. 

(2) Agar medium (Technique 3). This se- 
lective medium is adapted from the one de- 
scribed by Holmes (9). For its preparation 
is also used as a basis the buffered meat 
extract broth (see preceding paragraph). 
After decantation add to it, for one litre of 
buffered broth: Glucose 4 g, Aqueous solution 
of crystal violet (1/1000) 1 ml, Aqueous solu- 
tion of Sodium azide (1/16) 1ml, Agar-agar 
15g. After dividing out into 30 ml vials and 
sterilising, add, taking sterile precautions, 


1 Tt is a well-known fact that compared to 
sheep blood, horse blood has the disadvantage 
of being hemolysed by haemophilus haemoly- 
ticus. We have nevertheless used horse blood 
for practical reasons, taking care to identify 
microscopically all hemolytic organisms which 
would not grow in ordinary broth. We have, 
of course, never used human blood (which may 
contain an antistreptolysin). 
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to each vial 1.5 ml of defibrinated horse 
blood. 

(3) Fluid selective medium (Technique 4). 
This medium is the same as the previous 
one but without agar-agar; having noticed 
that cultures in this medium developed 
slowly, some yeast autolysate was added, a 
precaution which corrected the above-men- 
tioned drawback. The formula used is as 
follows: Distilled water 1000 ml, Meat ex- 
tract (Liebig) 5 g, Fibrin peptone 20 g, 
NaCl 2.5 g, Barm autolysate 3 g. Adjust the 
pH 7.8 and add: Monopotassium phos- 
phate 0.7 g, Disodium phosphate (12 H,O) 
8.3 g. Filter on hard Durieux, precipitate 
for 20 minutes at 120°C, allow to settle for 4 
hours, pour off and add: Glucose 4g, Aque- 
ous solution of crystal violet (1/1000) 1 ml, 
Aqueous solution of Sodium azide (1/12) 1 
ml. Divide out into vials of 30 ml; sterilize 
for 20 minutes at 115°C. Before using add 
1.5 ml of defibrinated horse blood. 

C. Culture media. The colonies isolated 
from blood-agar plates were cultured in a 
buffered broth without glucose but contain- 
ing 3% defibrinated horse blood. This me- 
dium seemed to present the following ad- 
vantages: (1) more rapid development of 
colonies, (2) demonstration of the production 
by the organism of a diffusible hemolytic 
toxin, a characteristic essential for the re- 
cognition of group A, C and G streptococci, 
all three of which produce soluble strepto- 
lysins. 

For the preparation of the Lancefield 
(12) extract the culture was made in a buf- 
fered broth containing glucose and without 
added blood. 


Results 


Our first objective was to compare the 
merits of different techniques for the iso- 
lation of group A hemolytic streptococci. 


1—Comparison of techniques of throat swab- 
bing 

We took two swabs from each of 185 

children on the same day. The first swab- 

bings which we called “Properly taken 


TABLE |. 
Number of Number of 
Method throatswabs of A A 
“Properly taken 
throat-swabs’”’ 185 38 20.5 
“Tnadequately taken 
throat-swabs”’ 185 15 7.5 


throat swabs” were carried out with the 
previously indicated precautions; the se- 
cond designated as “‘Inadequately taken 
throat swabs” were performed without 
observing these precautions. 

The results obtained in these two series 
are indicated in Table 1. 

It is thus evident that by taking throat 
swabs according to a proper technique, 
other things being equal, there are three 
times as many chances of discovering 
the hemolytic streptococcus in the same 
group of people. 

(We tried out this experiment during the 
course of a tentative study in a com- 
munity of mentally retarded children in 
whom it was difficult to perform the 
swabbing correctly. These results led us to 
abandon this undertaking.) 


I1—Comparison of isolation techniqics 


The first selective medium whicl we 
studied was adapted from that of Pike ‘13). 
We tried it out on three sets of t! roat 
swabs taken in February and March !°)57, 
comparing our results with those w ‘ich 
we had obtained with the techniqu of 
direct isolation on a blood-agar ; ate 
(Technique 1). The results obtained ith 
these two techniques are indicate: in 
Table 2 and Fig. 1. 
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°/o | Group A carriers 


Comparison of techniques! and Il, and | and Ill 


60 m= 
| Techniques ol 
| 
50| 
| 
40} 
304 
| 
| g 
20; 
| o 
Feb March June 1957 
TABLE 2. TABLE 3. 
No. of No. % No. of No. % 
Date Techniques swabbings of A of A Date Techniques swabbings of A of A 
2-57 Technique 1 112 1 1 9/4/57 Technique | 113 7 6.1 
Technique 2 98 0 0 Technique 3 101 19 19 
2-57 Technique 1 112 1 1 29/4/57 Technique 1 108 + 3.7 
Technique 2 98 0 0 Technique 3 97 30 30 
3-57 Technique 1 103 6 6 14/5/57 Technique 1 116 2 ers 
Technique 2 95 0 0 Technique 3 96 24 25 
28/5/57 Technique 113 2 
Technique 3 97 19 19.6 

Technique 2 soon induced us to aban- 44/6/57 Technique 1 110 5 4.5 
don it. Technique 3 97 16 16.5 
Between April and June 1957 we made = 25/6/57 Technique | 103 0 0 

Technique 3 82 17 20 


a comparative study of two isolation 
techniques: (1) the technique of direct 
isola‘ion on blood-agar without passage 
throich a selective medium (Technique 1). 
(2) te technique of isolation after passage 
of ' « swab in an agar medium adap- 
ted rom that described by Holmes (9) 
(Te nique 3). 

i + results are indicated in Table 3 and 


‘omparing the percentages of group 
A. »ptococcus carriers obtained with the 


two techniques, it was noted that there 
were 10 times as many carriers detected 
when the agar selective medium derived 
from Holmes’ was used than by the method 
of direct isolation on blood-agar (Fig. 1). 

It was therefore this technique of isola- 
tion after passage of the throat-swab in 
agar selective medium that we used in all 
our children from November 1957 to May 
1958. During the months of May and June 
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1958 we tried to improve further on this 
technique, and in Groups 1 and 2 of 
children, we compared the results obtained 
with the following two isolation techni- 
ques: (1) isolation after passage of the 
throat-swab in the ‘“‘agar”’ medium derived 
from that described by Holmes (Techni- 
que 3). (2) isolation after passage of the 
throat-swab in the same “non agar” 
medium with added barm autolysate 
(Technique 4). 

Table 4 sums up the results obtained 
with these two techniques: 


TABLE 4. 


No. of No. % 
Date Techniques  swabbings of of A 
12/5/58 Technique 3 58 7 12 
Technique 4 63 15 24 
13/5/58 Technique 3 37 3 8 
Technique 4 59 8 13 
3/6/58 Technique 3 57 7 12 
Technique 4 51 7 13.5 
4/6/58 Technique 3 39 4 10.3 
Technique 4 64 8 12.5 


The results are represented in Fig. 2. 


Comparison of techniques III and IV 


Carriers 
50; 
Techniques 0 
40; 
30 
N 
20 
10; 


The differences between the resul — of 
these two techniques are certainly ‘ess 
striking than those which we had een 
between Techniques and 3; neverth: 
statistical study shows that this diffe: -nce 
is significant, and that Technique 4 may 
be regarded as superior to Technique 3 
for the detection of group A streptococci 
in throat swabs. 


I1I—Variation of the carrier-rate during the 
course of the year 


From the beginning to the end of this 
study the throatswabs taken from the 
children of Group 2 were examined by 
Technique 2, and later by Technique 3; 
the throat swabs taken from the children 
of Group 1 were examined by means of 3 


TABLE 5. 


Total Total 
Group of numberof numberof % 
Date children swabbings A earriers of A 


April 57 2 101 19 19 
2 97 30 30 
May 57 2 96 24 5 
2 97 19 19.6 
June 57 2 97 16 16.5 
2 82 17 20 
Nov. 57 2+1 223 38 17.5 
2+1 223 36 16.1 
Dec. 57 2+1 226 37 16.3 
2+1 211 34 16.1 
Jan. 58 2+1 224 22 19.8 
222 22 9.9 
Febr. 58 2+1 224 15 6.7 
2+1 223 38 ky 
March 58 2+1 230 43 18.7 
2+1 221 31 18.5 
April 58 2+1 218 57 26.1 
2+1 220 43 19.6 
May 58 2 95 10 10.5 
June 58 2 96 1] 1.4 
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Techniques used for children belonging to Groups | and II 


om al 


Feb. March April May June 
1957 


[| Technique 
Technique Il 
+ + 


Nov. Dec. Jan. Feb. March April May June 


1957 1958 


Technique Ill 
= Technique IV 


Fig. 3. 


1957—1958 


4 Oo Seasonal variations of the percentage of Group A carriers 
| 
| 
| 
| 


ia 16,3 


Wz 


26. 


Y 
9) 


June Nov. Dec. Jan. Feb. March April May 
1957 1958 
Fig. 4. 


erent techniques at different times: 
ween February and July 1957: Techni- 


. From November 1957 to May 1958: 
iique 3. During May and June 1958: 
ique 4 (Fig. 3). 

study the variations in the percen- 
f carriers in the course of the year, 
uld therefore take into consideration 
ne swabbings which had been treated 
he same isolation methods. This led 
eliminate from the study the swab- 


bings studied with Techniques 2 and 4. 
Our analysis thus covers all the children of 
Group IT plus those of Group I, the latter 
only for the period from November 1957 
to May 1958. 

The results obtained are given in Table 
5 and Fig. 4. 

In studying this school community 
with the same technique we have thus 
observed variations in the percentages of 
group A streptococci carriers ranging from 
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6.7% to 30%. During this period, from 
April 1957 to the end of December 1957, 
the maximum number of carriers was found 
towards the end of April with a rate of 
about 30 %. In the first 6 months of 1958 
it was again in the month of April that we 
found the largest proportion of carriers, 
Le. 26.1 %. 


IV—Curve of acquisitions and cumulative 
percentage 


In each successive series of throat swabs, 
we found that group A hemolytic strepto- 
cocci appeared in children in whom we 
had been hitherto unable to demonstrate 
their presence. To study the course in time 
of this phenomenon, which can be cal- 
led a “curve of acquisitions’, we had to 
select only those of our children who had 
not been absent more than 5 times from 
the 24 throat swabbing sessions effected. 
Statistical study has shown that with 
a higher number of absences the results 


oY 
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5 

44 

3} 

24 

14 

“April May June | Nov Dec. 


Jan. Feb. 


TABLE 6. 


Total no. Cun. la. 


No. of Number of of carriers t 
swabbing Date aquisition at least once 


IV 9/4/57 13 13 14.6 
VI =. 29/4/5715 28 31.4 
VII 14/5/57 2 30 33.7 
VIII 28/5/57 3 33 37 

IX 11/6/57 2 35 39.3 
x 25/6/57 1 36 40.4 
XI 5/11/57 6 42 47.2 
XII 26/11/57 2 44 49.4 
XIII 3/12/57 3 47 52.8 
XIV 17/12/57 0 47 52.8 
XV 7/1/58 1 48 53.9 
XVI 21/1/58 49 

XVII 4/2/58 50 56.1 
XVIII 25/2/58 1 51 7.3 
XIX 11/3/58 2 53 59.5 
XxX 25/3/58 0 53 59.5 
XXI_ 15/4/58 0 53 59.5 
XXII 29/4/58 1 54 60.6 
XXIII 13/5/58 1 55 61.7 
3/6/58 0 55 61.7 


were liable to be erroneous. We have thus 
studied the results obtained in 89 children 
only. The cumulative percentage represents 


Percentage of carriers (89 children) 


March April May June 


< > 


1957 


1958 


to 
stre 
15 Tal 
qui 
for 
2 
| ted 
cun 
4(),- 
mo! 
| 
Fig. 5. be! 


jus 


THE GROUP A HEMOLYTIC STREPTOCOCCUS CARRIERS. I 


721 
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1957—1958 
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715 78 
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6.7.8.9 1011 12 13 14 15 16 17.18.19 20, 21,22 23 24 


Observed standard 
technique 


Range of swabbing 


Fig. 6. 


the percentage of children who were found 
to be carriers of group A hemolytic 
streptococci at least once at a given date: 
Table 6 represents the number of ac- 
quisitions and the cumulative percentage 
for cach series of throat swabs. 

These results are graphically represen- 
ted in Fig. 5 and 6. 

Thus, within three months of study the 
cumulative percentage rises from 13.6 to 
40.4% reaching 61.7 % at the end of 15 
months of study. 


V—Prolonged carriers 


en the results of successive throat 
sw s are transcribed on to a table where 
eac child is noted individually, it is seen 
th: the carriers present two kinds of 
be! viour: in some of them, the organism 


is found occasionally in a single throat 
swab or in a few consecutive ones. In 
others, on the contrary, it is found with 
great regularity either in the course of 
many consecutive swabbings or again, 
after a short interruption. 

We were able to have the strains, iso- 
lated from some of the children of the 
latter category, typed (prolonged car- 
riers). 

The result of these examinations is indi- 
cated in Table 7. It is to be noted that the 
typing was done chiefly by agglutination, 
precipitation being performed only if ne- 
cessary. 

The study of this table leads to the fol- 
lowing conclusions: (1) the prolonged car- 
riers themselves display two different 
kinds of behaviour: some of them keep the 
same type of streptococcus for a very long 
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Frequency of different types of streptococcal A 


12 1 B3266 


Types of group A streptococci 


5 bb ‘identifiable 
as to type 
4.8.17.16. 
19.25.35. 
Imp. 19. 


Fig. 7. 


time, some even throughout the duration 
of the study (nos. 102, 136, 193). On the 
contrary, others, in the proportion of 1 to 
3, while remaining carriers in the course of 
many swabbings, present frequent changes 
of type (nos. 10, 50, 52, 103, 116, 146...). 
(2) In the interval between two swabbings 
positive for the same type we are justified 
in assuming that the subject has remained 
a carrier of this strain, and that conse- 
quently all the swabbings in between 
should have been positive had our techni- 
que been perfect. Thus the gaps noted in 
prolonged carriers of the same type enable 
us to evaluate the accuracy of our techni- 
que of organism identification. In the 
present case, technique 3 was used, of 
which it may therefore be said that it 
failed in 34.5 % of cases. (3) These results 


have also enabled us to evaluate the fre- 
quency of the types of streptococcus A 
encountered (Fig. 7). Types 12, 9, 11 and 
B 3624 were the most frequent and were 
followed by 1, 28, 2. Finally, types 4, 6, 8, 
14, 15, 17, 19, 25, 35, 44 and imp. 19 were 
seen occasionally. 


VI—Streptococcal sore throat 


In the whole child population observed 
over a period of 2 years only one case of 
streptococcal sore throat was seen (di- 
agnosed clinically and bacteriologically). 
No case of scarlet fever was noted nor of 
any of the diseases considered as com- 
plications of streptococcal infections (rheu- 
matic fever, acute hemorrhagic nephritis). 


(Part IT of this paper will be published in the next issue.) 
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From the Department of Pediatrics, Harvard Medical School and the Children’s Hos; 


Boston 


The Relationship Between Age 


and Fibrinolytic Activity of Serum 


by ELIZABETH A. SAMARTZIS and CHARLES D. COOK 


A number of studies have reported mea- 
surements of fibrinolysin in the serum of 
adults, both normal and abnormal (2, 3, 
6, 10), pregnant women (7), and newborn 
infants (1,7,8), and in certain human tis- 


sues (5). The present study consists of 
measurements of the fibrinolytic activity 
in the sera of 64 infants and children 
ranging in age from birth to 15 years. 
These results are compared to values ob- 
tained in 15 normal adults. 


Material and Methods 


The 8 normal premature and 20 normal 
full-term infants were either born at the 
Boston Lying-in Hospital or transferred to 
the Children’s Hospital within 12 hours of 
birth. In these infants, cord blood was used 
23 times, venous 3 and capillary blood 2 
times. The remaining studies in infants and 
children were done on serum obtained pri- 
marily from venous blood (85%) but oce- 
casionally from capillary blood. The subjects 
were either attending the well-baby clinic 
or presented at the Medical Out-Patient 
Department with minor diagnostic or thera- 
peutic problems. A few of the children were 
studied prior to elective surgical procedures. 


Supported by a grant (H-3659) from the 


National Institutes of Health. 


Active fibrinolysin, free or profibrinolysin, 
total profibrinolysin and fibrinolytic inhibi- 
tors were measured in the subjects’ serum us- 
ing the technique of Phillips & Skrodelis (6) 
which has been described in a report dealing 
with the relation between circulating fibrino- 
lysins and the hyaline membrane syndrome 
of newborn infants (9). 


Results 


The results of the studies are shown in 
Table 1 and in Fig. 1. There is a definite 
tendency for the free profibrinolysin and 
the total profibrinolysin to increase with 
years. While not statistically significant, 
active fibrinolysin seems somewhat less in 
children over 1 year and in adults. 


Discussion 


{xcept as noted in the report of fib 0- 
lytic levels in the hyaline membrane 
drome (4), no significance can present! 
attached to the changing levels of { ri- 
nolytic activity encountered during 
turation. The purpose of the present re 
is merely to provide a background ‘or 
the study of the relation of the fib: 10- 


lysins to various disease processes. 
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al, | UNITS/100 ML 
al 
i] 


1 ' 1 
ysin, MEAN AGE PREMATURE FULL TERM 5 DYS, 2%4MOS. 9/2 MOS. 2/2 YRS. 7YRS. I24YRS, 29 YRS 


hibi- NEWBORN NEWBORN 

} NUMBER (8) (20) (5) (5) (4) (5) (6) (15) 

s (6) 

ling Fig. |. Fibrinolytic activity in the serum of the 64 children and 15 adults studied. [ =active 
rino- fibrinolysin, [J =free profibrinolysin, and ||||= total profibrinolysin. 

rome 


TABLE 1. Fibrinolytic activity (units/100 ml) in infants, children, and adults. 


| Number of Mean Active Free pro- Total pro- 
cases age fibrinolysin  fibrinolysin fibrinolysin Inhibitors 
inite 
Premature 8 N.B.*; G.A. = -08 + .04 .09 + .07 .28 + .08 .20+.08 
and 34 wks. 
with Full term 20 .06 + .02 .23+.18 + .27 .20+.24 
4-7 days 5 5 days .07 + .04 19+ .08 
sant, 5 wks-4$ months 5 23 mos. 10 +.06 .19+.16 
ss in 7 months—12 months 4 94 mos. 4-210 -20+.15 .64+.06 .44+.14 
| 15/,,-4 years 5 24 yrs. .07 + .04 .32+.14 90 + .25 58 +.15 
5-9 years 11 7 yrs. .06 + .04 .38 + 1.19+.33 812.29 
10-15 years 6 12} yrs. .05 + .05 .35+.11 96 +.35 .61+.42 
Adults, 19-39 years 15 29 yrs. .07+!.06 .93 + .34 32 
* \’.B. = Newborn; G.A. = Gestational age. 
n- 
be Summary 
5 i years are compared to adult levels. Older 
ri- ‘ 
\-asurements of active, free and total children and adults had higher values of 
fibr \olysins in the serum of infants free profibrinolysin and total fibrinolysin 
| | chil en ranging in age from birth to 15 than newborn or young infants. 
(or 
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Fibrinolytic Activity in the Serum 


of Infants with and without the Hyaline Membrane Syndrome 


by ELIZABETH A. SAMARTZIS, C. D. COOK and A. J. RUDOLPH! 


The pathogenesis of hyaline membrane 
disease in the newborn infant still remains 
obscure. The evidence presented by Gitlin 
& Craig (5) indicates that the membra- 
nes themselves are composed primarily of 
fibrin. The present investigation was un- 
dertaken at the suggestion of Dr. Gitlin 


gg 
to see if there was a relation between the 
level of circulating fibrinolytic activity in 
the serum of newborn infants and the 
presence or absence of hyaline membrane 


syndrome. 


Material and Methods 


Studies were performed on serum from 
41 premature or diabetic mothers’ infants 
(Table 1). In 27 of these the blood was ob- 
tained from the umbilical vein at birth; in 
the other 14, capillary or venous blood was 
drawn within 48 hours of birth. Twenty of 
the +1 infants had tachypnea and retraction 
and were diagnosed, by exclusion of other 
cauces of respiratory distress, as probably 
haying the hyaline membrane syndrome. 
In :hree of these infants who did not sur- 
viv. the diagnosis was confirmed at autopsy. 
In | of the surviving infants x-rays were 
Supported in part by a grant (H-3659) 
iro) the National Institutes of Health, Public 
He h Service, and the Association for the Aid 
of‘ ‘ppled Children. 
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taken and 9 were consistent with the clinical 
diagnosis of probable hyaline membrane 
syndrome. In addition to this selected group 
of infants with a high incidence of respira- 
tory distress, cord blood from 20 normal 
full-term infants was studied as well as ve- 
nous blood from 15 normal adults, 21 normal 
mothers at term and 16 diabetic mothers at 
delivery. In order to see if venous and capil- 
lary bloods were comparable, the fibrino- 
lytic activity was simultaneously measured 
in venous and capillary blood from 8 normal 
adults. 

Fibrinolytic activity was determined by 
the spectrophotometric method of Phillips 
and Skrodelis (7) which measures the lysis of 
casein. One tenth ml of serum is incubated for 
two hours at 37°C with a 1 % casein solution 
and a phosphate buffer. The measurement is 
earried out in three tubes. In Tube I (the 
control) immediate inactivation is effected 
with trichloro-acetic acid. In Tube III pro- 
fibrinolysin is activated with streptokinase. 
Following centrifugation the optical density 
of the supernatant fluid is measured at 280 
mu. The optical density of Tube I is sub- 
tracted from the optical density of Tubes IT 
and III. The differences are then converted 
into units of fibrinolytic activity using a 
reference curve. The proteolytic activity in 
Tube II represents active fibrinolysin (plas- 
min), while the activity in Tube ITI represents 
the active fibrinolysin plus the activated 
enzyme derived from ‘“‘free’’ profibrinolysin 
or plasminogen. The difference between the 
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Fig. 1. Time curve obtained after incubation of 
0.1 ml. enzyme preparation with 1% casein 
solution for 5 to 30 minutes. 


activity of Tube II and Tube III represents 
the amount of “free’’ profibrinolysin. How- 
ever, inhibitors are present and in order to 
get total fibrinolysin and profibrinolysin the 
inhibitors are removed by the addition of 
acetic acid, refrigeration for 12-30 hours, 
and then centrifugation. The precipitate is 
redissolved in phosphate buffer and active 
and activated fibrinolysin determined as 
outlined above. Again the units of total 
active enzyme are subtracted from the acti- 
vity measured after streptokinase activation 
in order to obtain the total! profibrinolysin 
value. The difference between the “free” 
profibrinolysin and the total profibrinolysin 
provides an estimate of the amount of in- 
hibitors present. 

A reference curve is established using a 
standard preparation of fibrinolytic ma- 
terial.! A time curve for the lysis of casein is 
first prepared (Fig. 1). The units of enzyme 
activity per 100 ml are arbitrarily defined 
as shown in the equation. 


= Change in O.D. 
Units = — = 


(ml of enzyme) (time in minutes) 


x 100. 


Having determined the activity of the 
preparation, a reference curve is made by 
incubating various quantities of the enzyme 
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with the casein for a standard period 0 2 
hours. The results are shown in Fig. 2, 

Although this technique followed that of 
Phillips & Skrodelis, the results in terms of 
units for comparable groups of patients vere 
different. The differences are based on varia- 
tion between lots of casein and “‘standard” 
lytic agents so that each laboratory tends 
to obtain different results. Hence, it is un- 
fortunately necessary for each group of 
workers to establish control and _ patient 
values using, as was done in the present 
study, uniform reagent preparations through- 
out. 

The measurements of fibrinolytic activity 
obtained both for a number of sera and for 
commercial fibrinolytic agents? using the 
above method were confirmed by the fibrin 
plate method of Astrup (1). That is, several 
sera with little or no casein lysis showed 
little or no fibrin plate lysis while sera with 
normal levels of casein lysis showed relatively 
larger areas (1214 mm) of lysis on the fi- 
brin plates. Similar correlations were ob- 
tained with the commercial preparations. 


Results 


The results of the studies on the sera 
are shown in Table 1 and in Fig. 3. ‘The 
concentration of active fibrinolysin was 
essentially similar for all groups studied 
except the diabetic mothers who had sig- 
nificantly more than the full-term infants. 
Free profibrinolysin tended on the av er- 
age to be significantly higher in preg) 
women (both normal and diabetic) at ‘he 
time of delivery than in the adult cont: Is. 
Normal newborn infants had values ‘or 
free profibrinolysin which averaged « ‘ly 
42% of the normal mother’s value a 


1 Plasmin ® was supplied by Merck, *' ‘rp 
& Dohme Research Laboratories, West P .t, 
Pennsylvania. 

2 Plasmin ® as well as Actase ®, sup, °d 
by the Ortho Research Laboratories, Rar 1, 
New Jersey, were studied. 
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Fig. 2. Reference curve of fibrinolytic activity in units per 100 ml. 


TABLE 1. Fibrinolytic activity in Groups studied (units/100 ml) 


Number Gestatio- Active Free pro- Total pro- 
of cases nalage fibrinolysin fibrinolysin fibrinolysin Inhibitors 
Full term 20 40 .06 + .02 .23+.18 38+.27 20+.24 
Premature 8 34(30-38) .0764.037 .085+.072 282 + .075 .20+.08 
< 36 weeks 5 32(30-34) .08 .08 29 17 
> 36 weeks 3 37(36-38) .07 .09 .29 20 
Diabetic mothers’ infants 
without respiratory distress 13 36(35-39)  .075+.06 +.05 54+ .47 454.47 
Infants with respiratory 
distress* 20 36(34-39) .075+.05 .070 +.08 + .16 224.17 
Infants with proven 
hyaline membranes 36(34-39) .080+.046 .003+.006 
Normal adults 15 .07 + 0.06 .41+.23 93 + .34 55 + .32 
Normal mothers at term 
delivery 21 .09+.14 1.30+.45 75+.40 
Diabetic mothers at delivery 16 .10+.07 1.68 +.71 1.06 + .55 


* 
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Includes the 3 with proven membranes at autopsy. Ten were premature and 10 were premature 
and born to diabetic mothers. Eleven specimens were obtained from the umbilical cord and nine 
1 venous and capillary blood. There was no apparent difference in the results which could be 


ed to the source of the material. 


ificant difference. Premature infants 
significantly less free profibrinoly- 
han full-term infants. No trend from 
ked to moderate prematurity was 
ent; this was at least partly because 
ne variation in values and the small 
ber of cases in each group. The diabe- 
nothers’ infants had approximately 
same free profibrinolytic activity in 


their sera as non-diabetic mothers’ infants 
of approximately comparable gestational 
ages. The 20 infants with clinical evidence 
of the hyaline membrane syndrome had, 
on the average, slightly but not signifi- 
cantly less free profibrinolysin than nor- 
mal premature infants or healthy infants 
of diabetic mothers. However, the three 
of these infants who died and were proved 
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FULL TERM PREMATURE INFANTS = INFANTS 


INFANTS INFANTS OF WITH 
O.M R.D. 
NO. (20) (8) (13) (20) 


Fig. 3. Fibrinolytic activity in the various groups of subjects studied. [] =active fibrinoly- 


| 


INFANTS NORMAL NORMAL _ DIABETIC 


=| 


WITH ADULTS MOTHERS MOTHERS 
H.M.D. 
(3) (15) (21) (16) 


sin; [§=free profibrinolysin and _ ||||=total profibrinolysin. D.M.=diabetic mothers; R.D. 
spiratory distress; H.M.D.=hyaline membrane disease. Figures in brackets refer to the number of 
patients studied in each group. 


to have hyaline membranes at autopsy 
averaged significantly less free profibrino- 
lysin than any of the other groups. In 
these three infants the blood for analysis 
was obtained before the infant became 
moribund. 

In all the groups of infants in whom 
total profibrinolysin activity was measured 
it was found to be significantly lower than 
in adults; and both normal mothers and 
those with diabetes had values signifi- 
cantly higher than both the infants and 
non-pregnant adults. There were, in 
general, less inhibitors present in infants 
than adults, although both the diabetic 
mothers and the diabetic infants tended 
to have higher levels than the other 


UNITS /I00 ML 
2.0 
1.05 
@ 
@ 
© 


(5) 
Plasmin Actase 


Fig. 4. Measurement of active and free fib 

lytic activity in concentrated solutions of 

commercial preparations. According tothe m 

facturers’ specifications 3200 “units’’/ml of 

Plasmin (R) and 12,500 ‘‘units’’/ml of A¢ 
(R) were used. 
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T. BLE 2. Comparison of fibrinolytic activity 
in the venous versus the capillary blood of 
8 normal adults. 


No. of Active Free 


subjects venous capillary venous capillary 


8 .084+.06* .025 +.05* .47+.10* .46+.16* 


* No significant difference was found between 
venous and capillary determinations. 


mothers and infants respectively. No cor- 
relation was found between an individual 
infant’s level of fibrinolytic activity and 
that of the mother. 

A close relation between seven out of 
eight simultaneous measurements of fibri- 


that if the respiratory distress is severe 
enough to lead to respiratory failure and 
death, the profibrinolysin levels may be 
found to be depressed. Unfortunately in 
the present series, measurements of fibri- 
nolytic activity were made in only three 
infants with this most severe form of the 
syndrome and in all three cases the mea- 
surements were made not on cord blood, 
but on capillary or venous blood obtained 
during the first 24 hours of life. A com- 
blood and 
blood measure- 


parison between the cord 


venous and _ capillary 
ments and serial determinations in four 
normal newborn infants showed no trend 


toward decreasing amounts of fibrinolytic 


nolytie activity in venous and capillary ,A¢tivity with increasing post-partum age; 


blood of adults was found, particularly 
for free profibrinolysin (Table 2) and it 
was, therefore, assumed that cord and 
venous blood could be compared to capil- 
lary blood in respect to fibrinolysin. 


Discussion 


(Juie & Wannamaker (9) have reported 
a deficiency in the profibrinolysin activity 
of the serum of newborn infants when com- 
pared to adult values. Studies by Phillips & 
Skrodelis (8) have demonstrated the lower 
levels of fibrinolytic activity in the serum 
of premature infants compared to full- 
terin infants. The present studies confirm 
the relation between circulating fibrinoly- 
tie activity at the time of birth and the 
pre ence or absence of prematurity. They 
als’ suggest that there is no relation 
| 


dis ess syndrome (i.e. the hyaline mem- 


ei een the presence of the respiratory 


brs e syndrome diagnosed on a clinical 
ba: :) and the levels of fibrinolytic acti- 
vit . However, the studies do suggest 


thus apparently the decreased or absent 
fibrinolytic activity in the sera of the in- 
fants who succumbed to the disease was 
a significant finding. Although it is pos- 
sible that these three infants had low 
fibrinolytic activity at birth, it seems 
equally probable that, as their disease 
progressed, their fibrinclysins decreased 
because they were used in lung tissue. 
These studies are in accordance with those 
of Lieberman (6) who reported absent 
fibrinolytic activity in the lung tissue of 
infants dying with hyaline membranes. 
The most important question remaining 
is whether the deficiency in fibrinolysin 
(shown in the sera in the present study 
and tissue in Lieberman’s study) is a pri- 
mary factor in the pathogenesis of the 
membranes or whether it is secondary to 
utilization of fibrinolysin following mem- 
brane formation. In any case, it is possible 
that the low fibrinolytic activity encoun- 
tered in prematures is at least a contribut- 
ing factor. As suggested by Avery & Mead 
(2), the most important deficiency may be 


| 
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the absence of a substance which reduces 
the surface tension of the air sacs. 
Regardless of whether or not a serum or 
tissue deficiency in fibrinolytic enzyme 
is a primary factor, the possibility of 
lysis of existing membranes with various 
therapeutic agents has been suggested by 
a number of authors (3, 4, 6). With this in 
mind, two of the available commercial 
preparations were tested in vitro and in 
experimental animals. The results are 
shown in Fig. 4. As can be seen, the 
amount of active lytic enzyme in the con- 
centrated preparation, even in the most 
potent, is only equal to approximately 
20 times the active and 5 times the free 
profibrinolytic activity of adult sera. If 
50 ml of this could be given and were 
distributed throughout the body fluid 
compartment of a newborn 2 kg infant, 
only approximately 0.07 units of fibrinoly- 
tic activity would be added per 100 ml. It 
seems unreasonable to suppose that this 
would produce much lysis even if it reached 
the membranes. When 6.5 ml of plasmin 
(R) (concentration = 3200 ‘“units’!/ml or 
1.95 units/100 ml by our method) or 2 
ml of actase (R) (concentration = 12,500 
“units”!/ml or .58 units by our method) 
were given to two 4 kg rabbits, no detec- 
table change in fibrinolytic activity of the 
sera could be noted at either 2 or 5 hours. 
Rabbits have a low fibrinolytic and pro- 
fibrinolytic titre (0 and .07 units/100 ml 
respectively) and hence the streptoki- 
nase-streptodornase was ineffective and 
the administered 
was apparently too little to change mea- 


fibrinolytic material 
surably the activity of the serum. 

Much of the reported activity of the 
commercial preparations is apparently 


1 These are the manufacturers’ units. 
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due to the activation of the patient’s ow 
profibrinolysin by the streptokinase- stre} - 
todornase which they contain (10). A.- 
though this reaction may be possible in t!\e 
newborn infant, the low amount of prv- 
enzyme available in the circulation for coi:- 
version raises doubts about such an ov- 
currence. However, when non-pyrogenic 
preparations are available, their effect on 
the newborn infant’s fibrinolytic system 
will need evaluation. 

The administration of fibrinolytic en- 
zymes by aerosol has also been tried (4) 
but to date without convincing results. 
Again, the problem of concentration of a 
sufficiently potent enzyme at the proper 
site remains. The work of Craig, Fenton & 
Gitlin (3) indicated that high concentra- 
tions of fibrinolytic enzyme preparations 
had to be incubated with lung tissue slices 
for a number of hours before dissolution 
of the membranes occurred. In this con- 
nection, it was found that amniotic fluid 
from two normal pregnancies showed no 
measurable fibrinolytic activity and hence 
apparently does not function to prevent 
membrane formation. More controlled 
trials of aerosols are indicated but will be 
difficult to evaluate except in experimen ial 
animals. 


Summary 


(1) The fibrinolytic activity of the °- 
rum of normal full-term and premat: re 
infants has been compared to that of « 2- 
betic mothers’ infants and to those w h 
the hyaline membrane syndrome. 

(2) The amount of active fibrinol) ic 
enzyme was the same in all groups of 


fants. The amount of free profibrinol) 
(plasminogen) was related to the prese ¢ 
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or absence of prematurity, being lower in 
those born prematurely. There was no 
significant relationship between circulating 
profibrinolysin and the presence or ab- 
sence of respiratory distress. However, 
three infants dying with proven hyaline 
membranes did have significantly lower 
levels of circulating profibrinolysin. It 
was postulated that this deficiency might 
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be a contributory and/or secondary factor 
in the membrane formation. 

(3) The mothers, both normal and dia- 
betic, have more free profibrinolysin and 
more inhibitors than the infants. 

(4) Two commercial preparations of 
fibrinolytic enzymes were found to con- 
tain relatively small amounts of fibrinoly- 
tic activity. 
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Blood Oxygen Tension Determination for the Recognition 


of Hypoxia in Newborn Babies and Older Infants! 


by J. WENNER 


Clinical signs of hypoxia, such as cyano- 
sis, unconsciousness and respiratory em- 
barrassment are not very reliable as in- 
dicators of the degree of oxygen lack. 

For example it is well known that cya- 
nosis, usually considered the most im- 
portant symptom, may be absent in severe 
oxygen lack in an anaemic patient. On 
the other hand, cyanosis may be present 
due to blood stasis in the skin without 
any hypoxia of more vital organs. Other 
clinical symptoms are not specific for 
hypoxia. 

Quantitative statements about the de- 
gree of hypoxia must be based on analysis 
of the blood gases. Analysis of arterial 
blood gases will demonstrate hypoxia only 
is deficient satura- 


when there 


tion in the lungs or a right-to-left-shunt. 


oxygen 


However, in the more common ischaemic 
hypoxia the arterial blood gases are nor- 
mal. For this reason knowledge of the va- 
lues of the venous blood gases are more 


important. 


1 Presented in part at the IX. Intern. Con- 
gress of Pediatrics, July 1959, Montreal, Canada. 

These studies have been supported by 
grants from the ‘‘Deutsche Forschungsgemein- 
schaft’’. 


This fact can be demonstrated by 
Krogh’s schematic representation of the 
oxygen supply to the tissues (6). Figure | 
shows a cylinder of tissue, which is sup- 
plied by one capillary from which the 
oxygen diffusion into the tissue takes 
place. The lower part of the figure shows 
a section through the cylinder. It is the 
difference between the oxygen concentra- 
tion of the blood plasma and of the tissue 
which is reponsible for the diffusion rate. 

The oxygen concentration in the blood 
plasma is determined by the oxygen ten- 
sion of the blood. At the venous end of 
the capillary the lowest tension is 0)- 
tained. Therefore this last part of the 
tissue cylinder is less protected in all forms 
of hypoxia. This is the case if there is «|- 
ready insufficient oxygen saturation in 
the arterial blood or if this oxygen lack 
develops during the blood flow in 1 
capillaries in cases of ischaemia or anaen 


The oxygen tension in the venous bk: 
of any organ is an adequate measure of 1 
oxygen supply in the less protected e: 
portions of the tissue cylinders in 

organ. Therefore it can be stated that 

venous oxygen tension gives a meas 
of the degree of hypoxia due to any cat 
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ariery vein 
120 mm Hg 
90mmHg— — 40 mmHg 
20mmHg 
Fig. |. Krogh’s diagram of the oxygen supply 


to tissue cylinders (6). Each cylinder is supplied 
by one eapillary from which the oxygen dif- 
fusion into the tissue takes place. The lower part 
of the figure shows a section through the cylin- 
der. ‘The oxygen tension at the venous end of the 
capillary is an adequate measure of the oxygen 
supply to the less protected end-portions of the 
tissue cylinder. 


From the clinical point of view it is 
oxygen lack in the brain which is of 
special interest. In investigating the oxy- 
gen supply of the brain in infancy, it is 
relatively simple to withdraw cerebral 
venous blood from the superior longitudi- 
nal sinus. 

To obtain an idea of the normal oxygen 
supply of the brain in infancy the percen- 
tage oxygen saturation, the oxygen ten- 
sion and the pH of cerebral venous blood 
as well as the arterio-venous oxygen dif- 
ference were determined in 67 healthy in- 
fants. In addition oxygen tension was 
determined in 40 sick but afebrile infants 
in whom oygen lack seemed likely to be 
present. 


Methods 

oxygen saturation was calculated 
fro. the oxygen content of the venous 
blo | and the oxygen capacity; both esti- 
mai lin a van Slyke manometric apparatus. 

© oxygen tension of the venus blood 
was ‘neasured by the potentiometric method 
wit a mercury electrode devised by Bartels 


(1). For this method 4 ml of blood were 
needed. Recently the polarographic method 
using a Clark platinum electrode was applied 
to the oxygen tension determination (9) and 
less than 1 ml of blood was required. 

For the determination of the arterio- 
venous oxygen differences in healthy infants 
the arterial oxygen content was calculated 
for an assumed arterial oxygen saturation of 
95 %. The venous oxygen content was mea- 
sured as mentioned above. 


Results and Discussion 


Oxygen lack has usually been investiga- 
ted by determination of the oxygen satura- 
tion of blood. This method may be used in 
adults when pH is known, because of the 
correlation between oxygen saturation and 
oxygen tension of blood given by the oxy- 
gen dissociation curve of the blood. In 
infants this method does not give accurate 
information as the following figures de- 
monstrate. 

In Fig. 2 the percentage of oxygen 
saturation of cerebral venous blood in 
healthy infants is plotted on the ordinate 
and the infants’ ages on the abscissa. The 
lines represent the mean values and the 
corresponding standard deviations. The 
differences between the mean values are 
statistically significant on the basis of 
Student’s t test in this and the following 
figures. 

It is shown in Fig. 2 that the oxygen 
saturation during the first 3 months of 
life is lower than in older infants; it is also 
shown that the saturation in the first 50 
days of life is higher than in the subse- 
quent 50 days. 

The higher oxygen saturation in the 
first 50 days of life might lead one to con- 
clude that the oxygen supply of the brain 
is better at this age than in the following 
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Fig. 2. Oxygen saturation (% HbO,) of cerebral venous blood (superior longitudinal sinus) in 67 
healthy infants. The infants’ ages are plotted on the abscissa. The lines represent mean values and 
corresponding standard deviations. The differences between the mean values are statistically 


significant. 
Fo, 
45 b=0,058 
t-test: t=6,9 
r=0,49 + 
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Fig. 3. Oxygen tension (PO,) of cerebral venous blood (superior longitudinal sinus) in 67 hea’ 

infants. The infants’ ages are plotted on the abscissa. The regression line, the mean value 

corresponding standard deviations are shown. During the first six months of life the 

increases gradually. b=correlation coefficient. b is statistically significant (t test). r=regres 
coefficient. 
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AVDo, 
Vol % 
12 b=-0,016 
t-test:t= 5,96 
1=0,648 
10 
8 a 
50 100 150 200 250 300 350 400 450 
AGE 
(DAYS) 
Fig. 4. Oxygen content differences (Vol %) between arterial blood and cerebral venous 
blood (AVDo,) in 67 healthy infants. The infants’ ages are plotted on the abscissa. During 


the first six months of life the AVD decreases gradually. The correlation coefficient “‘b’’ is 
statistically significant (t test). 


50 days. This conclusion, however, would be 
wrong as shown by the oxygen tensions 
of the cerebral venous blood (Fig. 3). 

The lowest oxygen tension is found in 
the youngest infants and it increases 
gradually during the first six months. 
This means that it is the newborn and 
youngest infants who have the poorest 
oxygen supply to the brain. 

The oxygen tension in the cerebral 
venous blood is normally lower in infants 
than in adults, in whom values of about 
35 mm Hg are found (5, 8). Opitz & 
Schneider state that in adults an oxygen 
tension of about 20 mm Hg is the critical 
leve! below which unconsciousness occurs 
(8). In healthy newborns oxygen tension 
clos’ to 20 mm Hg were found. 

Te lower oxygen supply to the brain 
in ounger infants can also be demon- 
# ed by the arterio-venous oxygen dif- 
fer’ ces; the difference is highest in the 
gest infants (Fig. 4). 


The discordant changes in oxygen sa- 
turation and oxygen tension in the first 3 
months can not be explained by changes 
in blood pH, since the pH was even lower 
in the youngest than in the older infants. 

The discrepancy between oxygen ten- 
sion and saturation is explained by the 
shift in the blood oxygen dissociation 
curve which has been shown to take place 
during the first months of life by Beer et 
al. (3). There is a statistical correlation 
between the shift of the dissociation curve 
and the reduction in the amount of foetal 
haemoglobin in the first months of life. 
However, this does not necessarily imply a 
causal relation; there is also a correlation 
between the shift in the dissociation curve 
and changes in the shape of the red blood 
cells (2). 

Fig. 5 shows the part of the dissociation 
curve related to the range of oxygen sa- 
turation concerned in this investigation 
(3). The middle curve applies to adults, 
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9 
LHbO> 
70 newborns 50% 307 10% HbF 
60 
50 
40 
20 25 30 35 40 
mmHg 
Fig. 5. The shift of the oxygen dissociation 
curve of blood in infaney correlated with the 
reduction in foetal haemoglobin. The figure 
shows parts of oxygen dissociation curves 


(Beer, Doll & Wenner (3)). The blood pH was 
7.4, the temperature 37°C. The curve in the 
middle applies to adults, that on the left side to 
newborn babies with high foetal haemoglobin 
eoncentrations and that on the right to older 
infants with only 10 % Hb F. At 50 % oxygen 
saturation PO, may vary more than 5 mm Hg. 


that on the left side to newborn babies 
with high foetal haemoglobin 
tration and that on the right to older in- 
fants with only 10 % foetal haemoglobin. 


concen- 


The oxygen dissociation curve of older in- 
fants is located more to the right of the 
standard dissociation curve of adults 
than has been shown in the investigations 
of Morse, Cassels & Holder (7). 

At an oxygen saturation of 50% the 
oxygen tension in infancy may vary more 
than 5 mm Hg (Fig. 5). Therefore, in 


order to show with certainty the degree 
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of oxygen lack, direct measuremen: of 
venous oxygen tension is necessary. 

In Fig. 6 the mean values and stand ird 
deviations of cerebral venous oxygen ‘n- 
sion in healthy infants (Fig. 3) are c m- 
pared with values obtained in infants uf- 
fering from various diseases, viz. cong: ni- 
tal heart failure with and without < ya- 
nosis, anaemia with haemoglobin beiow 
40 %, diarrhoea with dehydration, sub- 
dural effusion following meningitis and a 
few cases of hydrocephalus. 

In younger sick infants oxygen ten- 
sions as low as 10 mm Hg were found 
without any signs of unconsciousness. In 
one case the tension was only 7 mm Hg; 
the infant was unconscious and died a 
few days later. 

In cases of heart failure with cyanosis— 
especially in older infants—hypoxia of the 
brain may be missed. This may be the 
result of an increase in the rate of cere}ral 
blood flow as has been demonstrated in 
adults by Gottstein et al. (4). 

Figure 6 includes 16 oxygen tension 
values in 12 infants with subdural effusion, 
by Wenner & Koch (10). 
are within the 


investigated 
These 


normal range and this means that there 


oxygen tensions 
was no general ischaemic hypoxia of the 
brain in these children. The size of the sub- 
dural effusionin the infants was between 
20 and 100 ml, but there was no maried 
increase in intracranial pressure. This »ay 
be explained by the softness of the infa:'t’s 
cranium and the open sutures. 

This study is presented to demonst? ite 
that estimation of cerebral venous b! \od 
oxygen tension is of value in determin ng 
the presence or absence of cerebral hypc ‘ia 
babies and older n- 


in ill newborn 


fants. 
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Fig. 6. 


values and corresponding standard deviations of oxygen tensions in healthy infants (see Fig. 3). 


Oxygen tension of cerebral venous blood in sick children. The lines represent mean 


These normal values are drawn for the purpose of comparison with single values obtained in in- 
fants with various diseases in whom oxygen lack seemed likely to be present. The infants’ 
ages are plotted on the abscissa. 


Summary 


Estimations of oxygen tensions, satura- 
tions and arterio-venous oxygen differen- 
ces of cerebral venous blood withdrawn 
from the superior longitudinal sinus have 
been carried out in 67 healthy infants and 
40 infants with various diseases. 

It has been shown that direct measure- 
ment of the oxygen tension is necessary in 
order to assess cerebral oxygen lack in 
infancy. 

It vas found that the oxygen tension of 
the cerebral venous blood of heaithy in- 
fant is lower than the accepted values for 
adu! s. The oxygen tension was found to 
be |’ ver in newborn than in older infants. 

A oxygen tension of 20 mm Hg is said 


to be the critical level below which adults 
become unconscious; the investigations here 
reported show that this is not true for in- 
fants. Even in healthy young infants oxy- 
gen tensions were found close to 20 mm 
Hg. Moreover, unconsciousness was not 
observed in hypoxic newborns in whom 
cerebral venous oxygen tension was as 


low as 10 mm Hg. 
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From the Pediatric Clinic, Karolinska Sjukhuset, Stockholm, Sweden 


Multiple Occurrence of Atrial Septal Defect in a Family 


by PER ZETTERQVIST 


Reports of familial incidence of con- 
genital heart disease—identical or not— 
are relatively rare, and include for the 
most part not more than 2 members of the 
same family, as a rule siblings or a child 
and a near relative of one of the parents. 
Atrial septal defect (ASD), however, has 
been diagnosed at times in 3 or 4 members 
of the same family, and several times it 
has been found in parent-child constella- 
tions. For these reasons, the possibility 
of a inheritance factor has been 
brought up. The family which will be 
presented here gives further support to 
this theory and has so many cases of 
certain or probable atrial septal defect 
that it can in addition serve to illustrate 
the natural history of the disease as well as 
some aspects of its symptomatology and 


real 


diagnosis. 


In Fig. 1 is shown the pedigree, which il- 
lustrates all certain or suspected cases of 
AS? in the family together with siblings and 
desc ndants. Generation I is represented by 
a wcman born in 1821. She was reportedly 
feeb'>, and she died at the age of 60. There is 
no 1 al evidence of heart disease from what 
is k: »wn about her, and she was never exa- 
min: | by a doctor. She had 5 children, pre- 
sent 1 in the pedigree as Generation II. 
Of i ese the oldest daughter died at the age 
of () of an heart attack after previously 


having been healthy and having had 5 
children. The second sister also seems to 
have been healthy, as she married after the 
age of 40, later had 4 children, and reached 
an age of more than 85 years. Her brother 
II.3, born in 1858, had a known heart 
disease from his youth on. He was a farmer 
and very active but avoided heavy physical 
work. He died at the age of 81 years. Sister 
II.4, born in 1860, also had a known heart 
lesion from youth. She is described as active 
but not very strong. She remained unmarried 
and took care of the household until 1898, 
when she could not work any longer because 
of increasing dyspnea and tiredness on effort. 
Because of an eye complaint she was exa- 
mined at that time by a doctor. To his com- 
plete suprise she lived another 12 years. The 
cause of death according to the parish re- 
gistry was organic heart disease. The young- 
est child in the siblingship, II.5, died at the 
age of 63 months of unknown reasons.—In 
none of these cases was autopsy performed. 

The members of Generation III are all 
children of II.3. About them information is 
more detailed. Only in the oldest of the sib- 
lings, a man born in 1899, can ASD be ex- 
cluded, as he has no symptoms, normal 
physical heart findings and a normal ECG. 
Among the remaining 5 cases the diagnosis 
is certain or highly probable in 4, and in one 
case it seems rather possible. The essential 
data are the following: 

III.2, a farmer’s wife born in 1901, showed, 
from early childhood, signs of a heart lesion 
but lived an essentially normal life until the 
age of 44, when she began to have ankle 
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edema. In spite of treatment w ith digitalis and 
diuretics she became worse with increasing 
edema and severe generalized cyanosis. Six 
After a 
few days she had an arterial embolism to one 


months later she got pneumonia. 
arm and suddenly died in an acute cerebral 
vascular accident. Autopsy was not performed. 

I11.3, a farmer born in 1904, has from the 
age of 30 noticed slowly decreasing physical 
working capacity but had in 1959 still no 
definite heart symptoms. At physical exa- 
mination (Aug. 1959) his general condition 
was found to be good with no signs of heart 
failure at rest. 
revealed nothing abnormal. At palpation the 


Inspection of the precordium 


sciiabeia pulsations were not found to be 
definitely increased, and no real parasternal 
lift was felt (well-developed thoracic wall). 
However, the apex beat was not distinctly 
palpable, and at auscultation a rather harsh 
early systolic murmur of Grade 3 intensity 
and a widely split second sound were heard 
over the pulmonary region. ECG and roent- 
gen findings, obtained in 1944 and then 
thought to be due to a chronic myocarditis, 
virtually confirm the diagnosis of an ASD of 
the secundum type. 

II1.4 is 1906. 
Heart disease has long been known, but the 
She has been 


a farmer’s wife born in 


nature of it was uncertain. 
feeble but has had the cleverness to organize 


her work with the aid of household machines, 


| 


3 6 


1. Pedigree of the family. 


thus avoiding physical exertion. She has had 
4 children, the last one born in 1953. No 
obvious heart symptoms were noticed until 
1958, when she began to have ankle edema 
and associated with this slight cyanosis of 
the legs. With digitalis and chlorothiazide 
these symptoms have vanished, but the 
patient becomes short of breath on moderate 
exertion and has in addition noticed palpita- 
tions, especially when she gets nervous. At 
physical examination there were signs of 
marked right ventricular dilatation, and the 
systolic ejection murmur over the pulmonary 
region was definitely harsh though not very 
strong (Grade 1-2). ECG showed a pattern 
of incomplete right bundle branch block with 
right axis deviation and clockwise rotation 
of the frontal vector. In addition there was 
atrial fibrillation and, on moderate exervise, 
frequent ventricular extrasystoles of milti- 
foeal origin. Roentgen examination showed 
the picture of a left to right shunt at the a’ rial 
level with a heart volume of 1700 ml cor- 
responding to 1000 ml per sqm body sur‘ace 
area. Catheterization and angiocardiogra »hy 
in 1960 have confirmed the diagnosis © an 
ASD. The flow in the pulmonary circuit \vas 
13.4 and in the syst: mic 


calculated to be 
circuit 4.7 liters 
tween them is thus about 3:1 (at rest, ve: tri- 
cular rate 64 beats per minute). Operatic: » is 
planned. 
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MULTIPLE OCCURRENCE OF ATRIAL SEPTAL DEFECT 


| 1.5, a farmer’s wife born in 1909, is 
con pletely free of heart symptoms and in 
ver’ good condition in spite of obesity. 
Because of this obesity the physical heart 
findings were difficult to assess, but they 
were not considered pathological. ECG, 
however, showed rather advanced changes 
as encountered in ASD and similar to those 
found in Case III.3. In spite of a negative 
roentgen examination the patient is still 
suspected of having a small ASD. 

[11.6, a pharmacist born in 1911, is the 
mother of two children, the last one born in 
1950. Since childhood she has been somewhat 
feeble and in addition short of breath with 
moderate exertion, and after having been ill 
with influenza in 1957 she has several times 
had protracted bronchitis with increased 
dyspnoea. Examination in October 1959 
including catheterization and angiocardio- 
graphy revealed a large ASD of the secundum 
type associated with mitral insufficiency 
due to relative dilatation of the mitral ring 
without malformation of the cusps. The rela- 
tive heart volume was 900 ml per sqm body 
surface area, and the flows through the pul- 
monary and systemic circuits 34 and 4.1 
liters per minute, respectively. At operation 
performed in November 1959 at the Thora- 
cic Clinic, Karolinska Sjukhuset, with extra- 
corporeal circulation and moderate hypother- 
mia, both malformations were corrected. 


Generation IV consists of 15 members. 
Two of them, IV.4 and IV.14, on routine 
examinations were found to have signs of 
heart. diease. At catheterization and angio- 
cardiography, an ASD of the secundum 
type was diagnosed in both. IV.4, a boy born 
in 1938, was operated on in 1954, but in the 
Case [V.14, a boy born in 1948, operation was 
not considered to be indicated, as the pul- 
iry/systemic flow ratio was shown to be 
only 1.5:1. In 1959 the remaining members 
of 


mo! 


is generation, all being normally develo- 


ped ind free of symptoms, were examined 
phy ‘cally and electrocardiographically. In 


the. cases nothing of definite pathological 


sig icance was found at the physical exa- 
mii tion, but in some of them the systolic 
eje’ on murmur over the pulmonary area 
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was well audible (Grade 2), and in Case 
IV.5 it was also a little harsh. In 3 cases 
ECG showed incomplete right bundle branch 
block with right axis deviation. In these 
roentgen examination was performed. Two 
of them, IV.5 and IV. 12, showed the picture 
of a left to right shunt at the atrial level 
with obvious heart enlargement. In the third 
ease, IV.13, the roentgenological findings 
were not of pathological significance. 


As can be seen from Fig. 1, eight mem- 
bers of Generation II and IV have been 
regarded as having atrial septal defect, 
even if the diagnosis has not been anatomi- 
cally demonstrated in more than four 
(111.4, 111.6, IV.4, and IV.14). In Case 
III.2 the history of classical “‘cyanose 
tardive” and death, most probably due to 
paradoxical embolism, is quite typical. 
In Cases III.5, IV.5 and IV.12, the 
physical findings together with ECG and 
roentgen examination speak strongly in 
favour of the same diagnosis. Among the 
cases listed as ‘‘suspected ASD” this sus- 
picion has been based on the ECG find- 
ings in two and on the history in the 
others. (It should be noted, that in the in- 
dividual cases in Generation I and II the 
diagnosis is only presumptive.)—In all 
definite or suspected cases which were in- 
vestigated, the ECG pattern has been that 
characteristic of an ASD of the secundum 
type, i.e. incomplete right bundle branch 
block with right axis deviation and clock- 
wise rotation of the frontal vector. In all 
anatomically verifed cases the defect has 
been found to be secundum type. In two 
patients associated malformations were 
found. Case III. had a mitral insufficiency 
secondary to relative dilatation of the 
mitral ring, and Case IV.4 had bilateral 
superior caval veins, an anomaly of no 
hemodynamic importance. 
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Fig. 2. Electrocardiographic findings. In all definite or suspected cases of ASD examined, the F 'G 

pattern is that of an incomplete right bundle branch block with right axis deviation : nd 

clockwise rotation of the frontal vector. Note rS or RS complex with broad and deep S w ve 

in lead I and rsr’ or rsR’ complexes in the right precordial lead CR,. It is difficult to judge, if r ‘ht 

ventricular hypertrophy exists in addition, but it seems likely in Cases III.3, IIT.6, IV.4 and IV 14, 

where the R’ in lead CR, is rather large. Atrial fibrillation is present in Case III.4. (The ST char :es 
in this case are probably due to digitalis therapy.) 
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Discussion 

Genetic factors have long been suspec- 
ted of playing some part in the etiology 
of congenital heart disease (CHD). Thus, 
an increased frequency of cardiac defects 
has been found among relatives of pa- 
tients with CHD. In subsequent siblings of 
a child with CHD, the risk of being born 
with a cardiac defect has been calculated 
to be about 2 % (7), while the incidence for 
the general population is slightly less than 
1 % (4). Extensive studies have shown that 
the relative importance of the genetic 
factors with different types of 
lesions (6). Definite examples of a men- 


varies 


delian mode of inheritance have been dif- 
ficult to demonstrate. Families with more 
than two known cases are rare. Studies of 
the incidence of parental consanguinity 
have given only a weak support to the 
theory of recessive inheritance, and parent— 
child constellations pointing to a dominant 
mode of transmission are uncommon. 
This could in part be due to the natural 
history of the disease. In most types of 
severe CHD the course is such that the 
patients do not reach adulthood, or if 
they do, they do not have children be- 
cause of their symptoms. In such cases it 
is not possible to demonstrate or exclude 
the existence of an inheritance factor. 
When identical CHD has been found in 
parent-child constellations, the lesion has 
also in most cases been of a type known to 
run a mild course during the first two or 
three decades. Among the latter group are 
some families with ASD (1, 2, 3, 4, 5, 8). 
This condition also seems to be the one 
that has been most often observed in 
more than 2 members of the same family. 
In two cases, ASD has been reported to 


occur in one parent and 3 children (out of 


8 and 10 siblings, respectively) (5, 3). 
Davidsen, who reported one of those 
families, suggested the possibility o1 a 
dominant disease precursor. Judging from 
the otherwise normal family history, it 
may be that there was a mutation in one 
woman who transmitted the tendency ‘03 
children. Further support for the hypothe- 
sis of a dominant hereditary transmission 
may be present in one family reported 
by Campbell (2). In that case, ASD was 
found in one girl, her mother and maternal 
grandmother. A dominant hereditary trans- 
mission might also be operative in the 
If the ASD” 


characterized cases could be regarded as 


family presented. “susp. 
definite, this family could well satisfy the 
criteria for such a hereditary mode of 
transmission. Every affected person has 
an affected parent, all children of healthy 
individuals are healthy, and the incidence 
of ASD in children of affected persons is 


12 out of 24, or 50 %. 


Summary 
A report is given of the multiple oc- 
currence in a family of atrial septal detect 
of the secundum type. The pedigree sug- 
gests a dominant mode of inheritance, 
where 4 generations show 8 certain and 5 
probable or suspected cases. In previous 
reports of identical congenital heart disease 
in parent-child constellations or in more 
than 2 cases in the same family atrial sep- 
tal defect iscommonly found. This might in 
part be due to a particular selective mode 
of inheritance. On the other hand, the !ct 
that atrial septal defect is often compat ble 
with a relatively normal life, at | ast 
concerning the first 3 decades, may : |so 
account for the appearance oftener t/.an 

other more severe lesions. 
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CASE REPORT 


Generalised Oedema of Obscure Origin 


by J. LORBER and R. S. ILLINGWORTH 


The Department of Child Health, The University of Sheffield 


When there is no cardiac or renal cause 
for chronic generalised oedema, and there 
is no hypoproteinaemia, only detailed 
and complex investigations can be expec- 
ted to reveal the cause of the condition. 
Below is a description of a case referred to 
us on account of generalised oedema of 


many years’ duration. 


Case Report 


An otherwise healthy boy was referred 
to the Outpatient Department at the age of 
12 years on account of oedema of the face, 
hands and ankles. The puffiness of the hands 
was noticed by his parents in infancy, and 
had persisted from that time. They said that 
his ankles had been swollen at night “for 
many years’. The eyelids had been puffy 
every day for 8 years, apparently following 
an attack of orbital cellulitis, for which he 
had been treated in this hospital. (It was ob- 
vious on referring to the notes that this di- 
agnosis was correct. Coagulase positive sta- 
phylococci were cultured from the pus which 
was evacuated.) 

There were no other symptoms. The boy 
was a cross-country runner at his grammar 
school, and there had never been any symp- 
toms suggestive of cardiac or renal disease. 
The diet had been reasonable in quality and 
quantity. There was no history of previous 
illnesses. There was no family history of 
oedema, heart disease, kidney disease or 


chronic diarrhoea. There were no _ other 
children. 

On examination the only abnormal fea- 
tures were oedema and a trivial develop- 
mental anomaly of the toenails (Fig. 1-3). 
The oedema affected the lower limbs up to 
the midcalf, both upper limbs up to the 
forearms, and the face and eyelids. The 
oedematous tissues pitted readily. There 
was no detectable oedema over the sacrum 
or elsewhere, and there were no signs of 
serous effusions. His weight was slightly 
below the average for his age. The blood 
pressure was normal (and remained so on 
repeated examinations), and there was no 
detectable abnormality of the cardiovascular 
system. The jugular venous pressure was 
normal. The urine was normal chemically 
and microscopically. A clinical diagnosis of 
idiopathic hypoproteinaemia (“exudative en- 
teropathy”’) was made, and he was admitted 
for investigation. This diagnosis was proved 
to be incorrect when it was found that the 
serum protein concentration was normal. 


Investigations 


These will be given in tabular fashion. 
Urine (as already stated)—consistently 1 
ma! chemically and microscopically. 

Concentration and dilution test normal. 

Intravenous pyelogram normal. 

Blood urea (6 estimations): Mean 30 mg % 
Range 20 to 65 mg %. (The latter was ‘he 
only high reading.) 

Serum proteins—(9 estimations): 
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GENERALISED OEDEMA OF OBSCURE ORIGIN 


Fig. 1. Oedema of face. 


mean 6.6 g %. Range 5.2 to 8.0 g %. Albu- 
min, mean 3.6 g%. Range 2.8 to 4.6 ¢%. 
Globulin, mean 2.9 g %. Range 2.0 to 4.2 g %. 
Fractionation—one specimen normal: some 
increase of alpha 2 and gamma globulin in 
another. 

ECG normal. 

Liver function tests normal: Serum alka- 
line phosphatase (mean of 3 readings) 17 
units, Jenner & Kay. Serum bilirubin (3 
readings) 0.56 mg %. SGP transaminase 44 
units. SGO transaminase 10 units. Thymol 
turbidity (mean of 2 readings) 4.7 units. 
Zinc turbidity (mean of 2 readings) 26.5 
units. Prothrombin time 12 seconds. Brom- 
sulphthalein absorption test (5 mg/kg given): 
100 per cent dye present in 6 minutes, 2.9 
per cent in 30 minutes and 1.5 per cent in 60 
mintites, 

Nitrogen balance positive. (72 hour nitro- 
ger balance on a daily intake of 11.3 g of 
nitrogen showed a positive balance of 0.37 g 
per lay.) 

fit balance normal. Ninety-six per cent 
abs »ption on an intake of 74.6 g per day. 

“rum cholesterol (mean of 2 readings) 
187 %. 
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Total serum lipoids 680 mg %. 

Serum electrolytes normal. 

Serum CO, (mean of 7 readings) 25.4 mEq. 

Serum sodium (mean of 5 readings) 139 
mEq. Range 128 to 142 mEq. 

Serum potassium (mean of 5 readings) 
4.1 mEq. Range 3.8 to 4.4 mEq. 

Serum chlorides (mean of 5 readings) 
106 mEq. Range 98 to 114 mEq. 

Oedema fluid proteins, 1.4 g %. 

Urinary aldosterone excretion (Courtesy 
of Dr. B. Singer, Dept. of Medicine, Uni- 
versity of Sheffield) 3 micrograms per 24 
hours (normal 0-5 meg). (Neher & Wettstein, 
1956.) Hess capillary fragility test—normal. 

Capillary microscopy—normal. 

Haemoglobin 13.6 g %. 

Mantoux test positive (10 T.U. of O.T.). 

X-ray of chest—persistent slight seg- 
mental collapse in the right lower lobe. A 
bronchogram did not show bronchiectasis. 

Urine chromatography (Courtesy of Pro- 
fessor C. E. Dent, University College Hospi- 
tal London)—no abnormality in the amino- 
acid and indole excretion. 


Experimental Studies 


The following additional investigations 
were carried out. 

(1) Additon of potassium to the diet. 
Hight g of potassium citrate were added to 
his daily diet for 3 weeks, without effect on 
his oedema. There was an associated rise of 
serum potassium level from 4.1 to 4.6 mEq 
per litre. 

(2) Sodium loading and elimination test. 
Ten g of sodium chloride were added to his 
daily diet. He excreted up to 7800 mg in 24 
hours (270 mEq per litre). There was no 
change in his oedema. On a sodium free diet 
for 7 days he passed 680 to 1400 ml of urine 
per 24 hours. The total sodium output fell 
from 2140 mg per 24 hours (98 mEq per 
litre) to 1060 mg per 24 hours (62 mEq per 
litre). Throughout both tests the weight 
remained stationary, and the visible oedema 
remained unchanged. 

(3) Water loading test. The whole load of 
one litre was excreted within 2 hours. The 
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Fig. 2. Pitting oedema of the hand. 


Fig. 3. Pitting oedema of the foot with deformity of his toenails. 


specific gravity fell from 1015 at the begin- 
ning of the test to 1001. 

(4) Injection of 1 ml of Mersalyl. There was 
no diuresis or loss of weight. 

(5) Hydroflumethiazide (““Naclex’’), in a 
dose of 100 mg daily for 5 days, and then on 
alternate days for 72 days, along with potas- 
sium chloride 3 g daily. There was a slight 
diuresis lasting for a few days, but during the 
24 months he gained 900 g in weight. 

(6) Elevation of the legs. When both legs 
were elevated to an angle of 45° for 90 mi- 
nutes, and when only one was elevated for 3 
hours, there was no difference in the oedema. 

(7) Radioactive iodinated albumin studies 


(Taylor et al., 1957) (Courtesy of Dr. J. D.5. 
Hammond, Department of Medicine, Uni- 
versity of Sheffield), 2 ml (1.7 w curie) were 
injected subcutaneously into the lower limbs. 
After 4 hours insignificant radioactivity had 
entered the blood stream, and even after 27 
hours, during which time the patient had 
been normally active, so that lymphatic 
return was encouraged, the percentage of che 
injected amount which had reached ‘he 
blood stream was only 30 x 10 4 Dr. Hem- 
mond concluded that this signified a genet 1i- 
sed dysfunction of the lymphatic syst: m, 
and that this was probably the cause of ‘he 


oedema. 
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Discussion 


We showed that this boy’s oedema was 
not due to cardiac diesease, liver disease, 
renal disease, hypoproteinaemia or ab- 
normality in the serum proteins, al- 
dosteronism or other electrolyte imba- 
lance. It was not influenced by posture, 
diuretics, addition or removal of sodium, 
or addition of potassium. There was a 
positive nitrogen balance, a normal fat 
balance test, and a normal dietary intake. 
The oedema was of the pitting variety. It 
was not associated with any symptoms and 
caused no disability. 

The explanation of the oedema was pro- 
vided by the radioactive iodinated al- 
bumin test which indicated that there was 
an abnormality of the lymphatic system. 
The oedema, nevertheless, was of the pit- 
ting variety. The condition, in some re- 
spects is therefore similar to Milroy’s 
disease, though the generalised distribu- 
tion of the oedema and the complete ab- 
sence of family history is against this diag- 
nosis. We have not encountered any case 
in the world literature which was identical 
to the one we now report. 


Summary 


An otherwise healthy 12-year-old boy 
was investigated because he had generali- 
sel oedema since early infancy. Extensive 
studies failed to reveal renal, cardiac or 


metabolic disorders. There was no hypo- 
proteinaemia and no steatorrhoea. Radio- 
active iodinated albumin injected sub- 
cutaneously did not reach the blood 
stream in adequate concentration even 
after 27 hours. This suggested that this 
was lymphatic oedema, but the cause of 
the lymphatic obstruction could not be 
determined. 
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Addendum 


After this paper had been completed Everley 
Jones (Symmetrical Peripheral Oedema in 
Infants. Arch Dis Child, 35: 192, 1960.) re- 
ported seven infants who had had widespread, 
persistent oedema of the extremetities, and 
five of these had symmetrical dystrophy of 
their toenails. It may well be, therefore, that 
the dystrophy of the toenails in our patient 
was an integral part of the clinical picture. 
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CASE REPORT 


Dermatitis Caused by Mites Living on Cats 


by A. J. B. FERNSTROM and H. GENTELE 


Department of Dermatology (Head: Professor Sven Hellerstrém), 


Karolinska sjukhuset, Stockholm 60, Sweden 


The literature records only few cases of 
dermatitis in man caused by mites living 


on cats (1). 


Case: A.U.K., female, 11 years. Record 
No. 46 02 13. No family history of allergic 
manifestations. Transient itching for the last 
two years after eating apples, pears, peaches, 
nuts, and strong cheese. Urticaria once after 
sulphonamide medication for otitis associa- 
ted with measles. 

During the past six months scattered pale 
red papules slightly larger than a pin-head 
had occurred over the trunk and extremities. 
Some of these papules were found on exa- 
mination to be scratched open and encrusted. 
Pigment patches after old lesions were 
present in places (Fig. 1). Itching was fairly 
troublesome and worse in the evenings. The 
girl had received no medication other than 
Lergigan for a short while during this pe- 
riod. 

The general physical examination revealed 
nothing abnormal. The red and white blood 
picture and erythrocyte sedimentation rate 
were normal. No worm ova were found in the 
perianal region or in the faeces. 

After 10 days’ hospitalization with mild 
local therapy, the patient became free from 
symptoms. After as little as 24 hours at home 
the dermatitis recurred and she was readmit- 
ted three weeks later to the Department of 
Dermatology. The eruptions were then of 
the same type as earlier. We examined a cat 


she had at home and found in its fur a large 
amount of parasites which in appearance 
resembled Cheyletiella parasitivorax (Fig. 2). 
We succeeded in demonstrating this mite in a 
papule on the girls forearm. The second 
period of hospitalization lasted for 10 days, 
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Fig. 2. 


after which she was discharged healed. How- 
ever, we kept the cat at the hospital and this 
time the dermatitis did not recur when the 
patient returned home, but it did follow 
upon the later return of the cat. After treat- 
ing the cat with D.D.T. powder, the girl’s 
dermatitis healed and did not recur again. 
Her parents were asymptomatic throughout. 


Discussion 


The repeated positive exposure tests and 
the demonstration of mites on the cat and 
in one of the patient’s papules verified the 
diagnosis. The fact that the patient was the 
only one of a family of three to be affected 
might suggest allergic sensitization to the 
mite or its products, although the differing 
attraction of human beings to parasites is suf- 
ficient to account for this selectivity. The 
transfer of mites from one animal species to 
another is familiar, as is also the fact that 
the mites as a rule do not propagate in the 
new host. This is well illustrated in the pre- 
sent case by the spontaneous healing which 
occurred each time the child and the cat 
were separated. 


Summary 


A case of pruritic papular dermatitis in an 
1l-year-old girl is described. The cause of 
the eruptions was a mite found in the fur of 
the patient’s cat and in one of the girl’s 
papules. The dermatitis subsided twice 
after 10 days’ hospitalization, only to recur 
immediately on her return home. The cat 
was later kept at the hospital and the pa- 
tient was then free from symptoms at home. 
A new recurrence followed immediately on 
the cat’s return. The cat was treated with 
D.D.T. powder. The patient has since been 
free from symptoms. 
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Karl W. Wefring: Infantile Spasms 


Infantile spasms are a form of epilepsy. 
The characteristic features are a series of 
rapid muscular contractions accompanied 
by cry, an invariably pathologic EEG, most 
frequently in the form of hypsarhythmia, 
and marked psychomotor regression. The 
prognosis has been very gloomy, the etiology 
unknown. Treatment with antiepileptic drugs 
has been of no avail. ACTH therapy has 
given more promising results, and where it is 
effective the spasms subside in the course 
of the first week of treatment, The treatment 
has to be instituted within two months of 
the onset of the disease if full mental re- 
mission is to be obtained. 

Case: A.-C. J., girl, born February 1958. 
Previously healthy. At three months of age 
she had a febrile reaction following triple 
vaccine. Therefore, she was given only half 
the usual dose at four months of age. Two 
days later absence-like spelis began and 
subsequently, daily flexor spasms associated 
with pronounced mental regression. The EEG 
revealed hypsarhythmia. In conjunction with 
measles in June 1959 the spasms subsided, 
the EEG was no longer pathologic by No- 
vember 1959. The psychomotor develop- 
ment has improved and now, 23 months old, 
she has a developmental stage of a 12 month 


old. 


Roald Rinvik: 


spasms or salaam convulsions are a rare form 


DISCUSSION. Infantile 
of epilepsy. During 1959 we had 39 patients 
with convulsions at Ulleval Hospital prac- 
tically all of whom were less than 2 years of 
age without once finding the EEG disturb- 


ances typical of infantile spasms. However, 
during the last few months we have observed 
two unquestionable cases. They have both 
been treated with cortisone. The two are 
infants, both born in June 1959. One of them 
had convulsions before, but not after ad- 
mission to the hospital. The other had more 
uncertain symptoms prior to admission, 
but presented the typical convulsions after 
admission to the hospital. Both had the 
characteristic EEG changes. After 6 weeks’ 
cortisone treatment both infants are free of 
convulsions. The EEG has, however, not 
improved. 

There are many reports of good results of 
cortisone treatment in acute cerebral dis- 
orders. We used it successfully in a_ 10 
month-old infant who developed generalized 
clonic convulsions after an episode of 
diarrhoea with severe dehydration. In this 
patient the EEG changes disappeared com- 
pletely. 

The well known phenomenon that epi- 
lepsy ‘“‘disappears”’ during infections such as 
searlatina ete. is probably not contingent 
on the infection per se. To induce hy)o- 
thermia is considered by many to be appro- 
priate therapy in certain cerebral disorders 
today; 15 years ago one used fever treatment. 

—Kjell Aas: It has been pointed out t)iat 
ACTH can have an effect on acute patholo sic 
conditions in the brain other than enceph:'li- 
tis. It is possible that cerebral edema brou: ht 
on’ by an allergy, an autoimmunizat.on 
process, may be the cause of infantile spas’s. 
Seven children have been treated wth 
ACTH in the Pediatric Department of «1 
University Hospital. Five of the patients } id 
the combination of infantile spasms aid 
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hypsarhythmia; the other two had grand 
mal attacks in addition. One patient, who 
was microcephalic, reacted unfavourably to 
the treatment. Six patients had marked 
improvement clinically as well as by EEG. 
In one instance the recovery was of short 
duration and was followed by a complete 
relapse. The remaining 5 patients showed 
continued improvement, with increasing 
freedom from seizures, the EEG was nor- 
malized, and there was improvement of 
psychomotor behavior. However, the period 
of observation is short. One of the recovering 
patients had grand mal attacks mainly. The 
implication seems to be, however, that the 
extended use of ACTH or corticosteroids is 


indicated. 


K. H. Torp: Dysplasia of the Hip Joint in 


Troms 


Examination of 1,890 newborns over a 
period of 2 years in the Maternity Depart- 
ment, St. Elisabeth Hospital, Tromso, has 
revealed the presence of Ortolani’s sign 
associated with instability of the hip joint 
ina total of 15 cases. During the stay in the 
Maternity Department all infants were 
examined twice by the pediatrician. An 
independent examination was made by the 
obstetrician. In two infants the findings were 
questionable; in another two there was 
dissent between the two examining physi- 
cians. Frejka’s cushion was, however, app- 
lied in all cases. Before discharge from the 
hospital the mother was made fully familiar 
with the background of the treatment and 
the technique. At 2-3 weeks of age the hip 
joints were clinically reexamined and adjust- 
ments of the cushion made when necessary. 
Roentgenographic examinations were per- 
formed at 4, 8, and 14 months of age. Of the 
15 infants 13 were girls and 3 were breech 
presentations. One case of hip joint luxation 
occurred. Another infant, among the 1,875 
wh» at the time of the examination had no 
Susvicious signs, developed hip joint luxa- 
tio. later. The importance of individual 
evi. ‘uation and possibly even more extensive 
cor ‘rol measures than mentioned above in 


any newborn baby with suggestive signs of 
hip joint dysplasia is emphasized. 


Discussion. A. Nja: Dr. Torp mentioned 
the possibility that the examination for 
Ortolani’s sign might in itself injure the 
infant. I hardly think that is possible pro- 
vided the examination is properly conducted. 
The examination should be made cautiously. 
Inexperienced physicians are apt to use too 
much force. In that case the characteristic 
findings may easily be overlooked and at the 
same time there is a risk of injuring the in- 
fant. The diagnosis of hip joint dysplasia will 
be missed occasionally in infants because of 
the absence of the sign in the newborn period. 
I know of 3 cases of hip joint luxation where 
I did not find a positive Ortolani’s sign on 
examining the newborn infant. This occurred 
in a material of about 20,000 infants where 
dysplasia was demonstrated in about 100 
cases. There is no reason to be wary of 
“overdiagnosing”’. There will always be 
many more dysplasias than the expected 
number of hip joint luxations in children. 
In some cases of dysplasia the first signs of a 
subluxation do not occur before puberty or 
during pregnancy, or in the later years of 
life as arthritis. All newborns with a positive 
Ortolani’s sign should be treated even if the 
sign, as often happens, is no longer demon- 
strable after 1 or 2 weeks of age. — Arne 
Kass: During the last 4 years about 5,600 
newborns have been examined in Vestfold. 
Ortolani’s sign was found positive in 9 in- 
fants (i.e. approximately 1/620). In no case 
has the examination caused injury. All in- 
fants have Frejka’s 
cushion. The importance of keeping up the 
treatment long enough is stressed. In one 


been treated with 


patient treatment was gradually discontinued 
at 7 months of age when both clinical and 
roentgenographic findings seemed normal, a 
secondary luxation occurred. Treatment in 
the neonatal period was instituted without 
roentgenographic examination as it seemed 
of doubtful value. Recently a roentgeno- 
graphic examination on the lines of the 
Swedish procedure described in Acta Radiol, 
February 1958 by Andrén-von Rosen has 
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been adopted and found helpful. So far, one 
case of hip joint dysplasia, not discovered 
in the routine examination of the newborns 
in this material, has been reported. — M. 
Foss Hauge: Dr. Torp’s apparent uneasiness 
as regards the demonstration of Ortolani’s 
sign so that no hip joint dysplasia be over- 
looked seems somewhat exaggerated; at least 
judging from the procedure he follows and 
his zeal for work. To demonstrate Ortolani’s 
sign is mainly a mater of practice, and we, 
the orthopedic surgeons, obey the ‘‘Master’s 
bidding” and treat these patients over a long 
period for hip joint dysplasia even though 
we do not always have proof that the sign be 
present. An increasing number of these 
patients are being referred to us at ‘‘Sophie’s 
Minde Orthopedic Hospital’ for treatment 
about one week after birth. However, if we 
send a note to the referring doctor stating 
that we have been unable to demonstrate 


Ortolani’s sign or that the finding seems 


dubious this does not in the least imply a 
lack of confidence in that doctor’s judge- 
ment. The reason may simply be that the 
symptom is no longer present, a thing which 
surely happens often enough; or it may he 
owing to lack of experience on our part. 
It is rather too early to present statistical 
material relating to the significance of an 
early diagnosis in hip joint dysplasia. But we 
have the impression that we no longer get so 
many children of one or two years of age 
with sub-or-total luxations for treatment as 
before. Apropos of Dr. Torp’s remarks on 
roentgen diagnosis I would like to point out 
that in hip joint dysplasia it is made after 
careful evaluation of various factors: the 
caput epiphysis, the distance 
orientation towards 
finally the anteversion. The latter must not 
be overlooked. It is a frequently occurring 
phenomenon and often the only symptom of 


from and 
the acetabulum and 


a hip joint dysplasia. 


Meeting March 11, 1960 


Roald Rinvik: Treatment of Diabetes in 
Children with Phenethyl-Formacidiny]- 
Iminourea 

In recent years a new group of antidiabe- 
tics, the biguanides, (sulfonyl carbamides), 
which are administered orally have come 
into use. These compounds cause blood sugar 
levels to fall in 90 per cent of diabetic pa- 
tients. The 
from insulin in that glucose liberation of 
the liver is reduced while muscle glycogen is 
increased. This leads to an increase of lactic 


mecahanism of action differs 


acid in the surrounding tissues indicating a 
rise in anaerobic glycolysis, probably brought 
about by the inhibitory effect of the bi- 
guanides on certain oxidizing enzymes. The 
biguanides have no effect on the blood sugar 
of healthy persons. Digestive complications 
occur in at least one third of the cases in 
the form of anorexia, nausea and vomiting; 
no serious pathologic anatomic sequence has 
been observed. We have treated six children 
between 2 and 11 years of age, who have had 


diabetes for periods ranging from 3 months 
to 3 years, with phenethyl-formacidinyl- 
iminourea or D.B.I. The patients were 
treated with retard insulin and an adequate 
diet, maintaining a slight glycosuria. The 
diet remained unchanged throughout, and 
the effect of the treatment was judged from 
the patient’s general condition and the pos- 
sible reduction in the insulin doses. In three 
of the six patients the secondary effects were 
so severe the treatment had to be discon- 
tinued. In the remaining three cases no such 
complications occurred, but in two patients 
the therapy was of no avail as the insulin 
dose could not be reduced. In one case 
satisfactory improvement obtained 
and the insulin dosage could be reduced 
from 16 retard units per day to 6 units. 
However, in November 1959 there ~p- 
peared a preliminary report (Walker) to ‘he 
effect tht D.B.I. may cause acidosis «nd 
ketonuria even without the occurrence of 
hyperglycemia or glycosuria. Fatal ca-es 
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have been reported in this connection. The 
acidosis will probably be due to increased 
anaerobic glycolysis and a higher lactic acid 
level. In 4 of our 6 patients control of the 
alkali reserve was carried out revealing 
normal values. But with this element of 
danger peroral administration of D.B.I. can 
hardly be recommended in the treatment of 
diabetes in children. 


Aagot Christie Loken, O. Hansen and S. 
Halvorsen: Hereditary Nephropathy and 
Blindness 


Hereditary renal disease combined with 
other anomalies, such as nerve deafness'and 
skeletal lesions has been reported recently. 
At the Pediatric Clinic, Rikshospitalet, Oslo 
we have had siblings (a boy and a girl) who 
died at 8 and 9 years of age in uremia. Both 
of them were blind and the boy was mentally 
retarded. From the age of 5-7 years they 
developed anorexia, vomiting, weight loss 
and a severe anemia resistant to any form 
of treatment. They had proteinuria, cy- 
pyuria and_ isosthenuria. Eye 
examination showed reduced 
pupils reacted sluggishly to light and, in the 
girl, the eyegrounds showed a dusty pig- 
mentation. Both died following a_ short 
period of sopor, vomiting and generalized 
seizures. An autopsy was performed on the 
girl. The kindneys showed infiltration of 
lymphocytes and plasma cells. Signs of renal 
dysplasia were present. The retina was 
aplastie with reduction of the outer granular 
layer. Renal dysplasia is supposed to reduce 
the resistance against infections and has 
been found to be a rather common cause of 
recurrent pyuria in children. 

Both cases had two genetically determined 
anornalies, renal dysplasia and retinal aplasia. 
This combination of defects has not been 
reported previously. It is suggested that 
hereditary renal disease previously described 
asscciated with other anomalies and with 
different names, probably all have been 
cases of renal dysplasia combined with one 
or enother anomaly. 
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Axel Storen: Hypoglycemia 

Hypoglycemia caused by hypersensitivity 
to leucine is described in detail. The condi- 
tion was first reported by Cochrane et al. in 
1956. They found that in this condition 
leucine a hypoglycemic reaction 
even when present in blood concentrations 
no higher than normal. Hypersensitivity to 
insulin was demonstrated, but the 
blood sugar response to adrenalin or glucagon 
stimulation was normal. Administration of 
adrenalin, glucagon, or glucose neutralized 
the hypoglycemia induced by leucine. The 
depressive effect of administration of glu- 
cose or insulin on the leucine level in serum 


caused 


also 


in a normal person was further pointed out. 

The case of an 18 month old boy, who was 
a patient in the Pediatric Department, 
University Hospital, Oslo, is reported: At 
about 8 months of age he developed symp- 
toms of hypoglycemia during fasting or a few 
hours after meals. Low fasting blood sugar 
values (38 mg to 62 mg per 100 ml) were 
found. Insulin activity in plasma was normal 
or slightly elevated, making the diagnosis of 
hyperinsulinism unlikely. Adrenalin response 
was normal. The glucose tolerance curve was 
pathologic. Thare was a marked hypoglyce- 
mic reaction with convulsions after admi- 
nistration of 100 mg per kg dl-leucine. 
Examination for sensitivity to insulin was 
thought too dangerous. Treatment: A low 
protein diet (3.3 g per kg body wt) resulted 
in clinical improvement, but blood sugar 
values remained low. Prednisone was «dded 
in the dosage of 1 mg per kg. This resulted in 
marked improvement within a week. After 
that time the patient has remained free from 
symptoms on a daily prednisone dose of 
0.3 mg per kg. 

Hypoglycemia must be differentiated from 
epilepsy, and should always be born in 
mind as a possibility in children. Early 
diagnosis will prevent brain injury which 
otherwise frequently occurs. 


Jens A. Steen: Persistent Patency of the 
Omphalomesenteric Duct 

The case of a newborn boy with persistent 
patency of the omphalomesenteric duct is 
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reported. The patient was referred to the 
Pediatric Ward of Ulleval Hospital, because 
of erythroblastosis. A pea-sized red tumor 
was observed at the umbilicus, and after 
the cord had been cut a lumen from which 
meconium was aspirated revealed. 
Roentgenographic examination with con- 
trast disclosed direct connection with the 
small intestine. The patient is now 2 months 
old, and there has been only slight discharge 
from the umbilicus. 

A review of 144 cases is reported in J 
Pediat 1952 by Scaletter et al. In 31 cases 
the intestine seems to have protruded 
through the open duct and only 4 of these 
survived. Sixty-seven other patients were 
operated upon with a fatal result in 8. Of the 
remaining 46 patients who received no 
treatment 12 died. The cause of death was 
not specified. It should, however, be noted 


that many of them occurred during the 


interwar period. The condition is also 
discussed by 8S. Cresson & G. Pilling in 
Pediat Clin N Amer, November 1959. Tiey 
refer to the above mentioned publication 
and point out that surgical treatment should 
be undertaken as soon as the diagnosis jias 
been made. In his “Surgery of Infancy and 
Childhood”’, 1956 edition, R. E. Gross 
likewise recommends surgical treatment. 
During the years 1940-50 he operated 11 
patients all of whom lived. He does not 
mention when the operation should be per- 
formed. 

We have been in some doubt as to when 
the operation should be performed in the 
present case. Since the radiographs show a 
fairly long duct and the possibility of prolapse 
of the intestine should be slight, operation 
at about 6 months of age will be recom- 


mended. 


S. Halvorsen, Oslo 
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E. Rossi, E. Gautier & J. W. Weber: Car- 
bohydrate Metabolism in Children, Geigy 
Colloquium I, Bern, June 2-7, 1958. Edited. 
Modern Problems in Pediatrics IV. 8. Kar- 
ger, Basle/New York 1959, 604 pp. Price 
Fr. 86 . 

On the occasion of the 200 year jubilee 
of J.R. Geigy, Ltd, Basle, the University 
Children’s Hospital in Berne organized a 
conference on carbohydrate metabolism with 
the collaboration of clinicians, biochemists 
and other specialists from 15 countries. The 
results represent a valuable review of our pre- 
sent knowledge in this field. 

The first part of the book deals with bas- 
ic biochemical problems. C.F. Cori discusses 
the differences between carbohydrate-meta- 
bolism in the liver and muscle, and the mode 
of action of insulin. A hypothesis of an in- 
tracellular spatial separation of different 
chemical operations is presented. The rela- 
tionships between permeability, penetra- 
tion and phosphorylation are demonstrated. 
W. Wilbrandt analyzes the kinetics of sugar 
transport, emphasizing the differences be- 
tween sugar transport in the gut, kidney and 
red blood cells, where insulin has no effect and 
in the muscle cell, where glucose transport 
is under the control of insulin. — J. Frei et 
al. deseribe the results of a detailed micro- 
analytical study of enzyme systems in the 
liver and in leucocytes in cirrhosis, diabetes, 
and other pathological conditions. — A.F. 
Revold et al. report the results of systematic 
investigations of the metabolic activity of 
isolated adipose tissue and have been able 
to confirm the important role of adipose 
tiss:e in day to day regulation of energy 
me abolism, as demonstrated by the direct 
conversion in the fat tissue itself of glucose 
to iatty acids and the high metabolic activity 
of inesterified fatty acids (FFA) released 


from adipose tissue. The effects of various 
hormones, especially insulin, on this. tissue 
was studied by means of an isotope tech- 
nique, and a sensitive method for measuring 
insulin-like activity in biological fluids is 
elaborated. This method is however not yet 
suitable for clinical purposes. 

Several papers discuss glycogen storage 
disease. F. Linneweh and G. M. Guest et al. 
stress the value of the dihydroxyacetone 
tolerance test when diagnosing this and 
other hepatic disturbances. As to the prog- 
nosis of glycogen storage disease the opinions 
are divergent: R. Burgarelli and M. Jeune 
et al. had observed late cardio-vasculo-renal 
complications, but according to P. Royer a 
striking improvement occurs at puberty. 

An excellent review of glucagon problems 
is given by P.P. Foa et al. Glucagon, se- 
creted by the alpha-cells of the pancreatic 
islets, is a potent, fast-acting hormone, which 
stimulates liver glycogenolysis and is an 
integral part of the blood sugar regulating 
mechanism. 

U. Butturini, E. Rossi and A. Linke were 
able to show that glucagon increases peri- 
pheral glucose utilization, thus confirming 
the theory of Birger that insulin and glu- 
cagon in synergy accelerate carbohydrate 
metabolism. Three different types of blood 
sugar response after glucagon administration 
to young diabetics were shown by G. Hug, 
indicating different degrees of endogenous 
insulin activity. — W. Greutzfeldt has demon- 
strated hydropic degeneration of the alpha- 
cells after treatment with biguanides (DBI) 
hut did not consider these substances as 
primary alpha-cell poisons. The observed 
changes are probably an expression of a 
functional exhaustion secondary to distur- 
bances in liver function. 

P. Royer and H. Lestradet present a series 
of 86 cases of periodic vomiting and stress 
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the varying etiology of this condition, al- 
though in 23 cases the cause could not be 
established. It is emphasized that hypo- 
chloremic alkalosis with hypopotassemia is 
the rule during attacks, keto-acidosis being 
rare. It is also interesting that an increased 
excretion of 17-hydroxycorticoids occurs 
during the acute phase. P. Royer also re- 
ports 26 cases of spontaneous hypoglycemia 
and discusses different therapeutic possibi- 
lities according to etiology. The syndrome 
of familial hypoglycemia after leucine in- 
gestion was discussed by W. W. Payne and 
L. J. Woolf. R. Zetterstrém, in two cases, 
found signs of hypofunction of the adrenal 
medulla, and continuous epinephrin treat- 
ment resulted in the patients becoming 
symptom-free. A low level of blood corticoids 
in the same disease was found by R. Francois 
et al. It is that there are many 
etiological factors in idiopathic hypoglyc- 
emia and the syndrome is no therapeutic 


evident 


entity. 

Galactosemia is discussed in several papers. 
According to A. Holzel and G. M. Guest this 
is no rare disease and should always be 
suspected when glycosuria is found in an 
infant. The clinical symptoms are caused by 
the accumulation of galactose-l-phosphate 
in the tissue. The metabolic error is charac- 
terized by a practically complete inactivity 
of a specific “incorporation enzyme’’, galac- 
tose-l-phosphate uridyl transferase, as shown 
by H. M. Kalchar in studies on erythrocytes. 
It is interesting to note that they could de- 
monstrate a partial defect of the same en- 
zyme in the heterozygote parents of affected 
children. Characteristic electro-encephalo- 
graphic changes are described by several 
authors. 

An important contribution is made by J. 
P. Febler et al., who in both acute and long- 
range tolerance tests compared the metabol- 
ism of glucose, fructose, galactose and sor- 
bitol in normal and diabetic subjects. In 
diabetes, fructose administration was follo- 
wed by an increase in blood glucose, which 
did not occur normally. This finding was 
considered to indicate increased gluconeo- 
genetic activity of the diabetic liver. When 
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fructose was given to a normal person un. ‘er 
glucocorticoid treatment the same ‘“‘diabet 
type of response was obtained. The increased 
gluconeogenesis was much more obvious in 
the juvenile type of diabetes than in the 
adult-onset-type. 

F. Reubi analyzed the renal function in 
14 cases of so-called renal glycosuria. They 
could be classified in two different types, 
one characterized by a low TmG, i.e. a low 
capacity of the tubules to reabsorb glucose, 
the other without such a defect. In the latter 
type an increased “dispersion of tubular 
activity’? was believed to cause the disease, 
assuming that even under normal conditions 
functional differences exist between the 
nephrons. 

The blood sugar level of newborn children 
of diabetic mothers has been studied by N. 
Hallman. When comparing the results of the 
Hagedorn-Jensen method with that of 
Somogyi—Nelson, which gives true glucose 
values, he found much greater differences in 
newborn infants than in older children. 
These differences were still greater in child- 
ren of diabetic mothers. No explanation is 
given for these results. As regards the the- 
rapy of infants of diabetic mothers the con- 
ference agreed upon the following rules: a) 
the stomach should be emptied after delivery, 
b) the child should be put in an incubator 
with a high degree of humidity and a low 
oxygen concentration (30%), ¢) food or 
liquid should not be given during the first 
36-48 hours, d) the child should be conside- 
red as a prematurely-born infant, carefully 
watched for cardiac or pulmonary distress 
but otherwise let alone as much as possi)le. 
In exceptional cases administration of ylu- 
cose, potassium and/or digitalis may be ne- 
cessary. 

Diabetes mellitus was discussed in the last 
part of the conference. H. Lestradet could 
show that in diabetic patients without ex- 
ogenous insulin the utilization of glucose 
at a high level of blood glucose was newrly 
the same as in non-diabetic subjects. He 
considered the hyperglycemia as “une acap- 
tation utile’, an extracellular glucose hyper- 
tension which promotes the penetratior: of 
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glucose into the cells. In agreement with 
other participants in the conference Lestra- 
det added, however, that permanent hyper- 
glycemia was not desirable and ought to be 
therapeutically controlled. An EEG study in 
diabetes was presented by J. Chaptal et al. 
Abnormal cerebral activities were only found 
in hypoglycemia. In the concluding discus- 
sion the incidence of angiopathy in 41 cases 
of longterm diabetes was demonstrated by 
W. W. Payne. It was the same as in other 
materials, i.e. about 80% retinopathy after 
more than 15 years of diabetes. It was em- 
phasized that in the future when judging 
different types of treatment more attention 
must be given to the blood lipids than to 
the blood-sugar level. 


Yngve A. A. Larsson 


H. P. G. Seckel: Bird-headed Dwarfs. 


S. Karger, Basel and New York 1960. Price 
SFr. 54. 

The bird-headed or nanocephalic dwarf is 
characterized by an extremely short stature 
(minus 6 to 8 standard deviations), a small 
head, mental retardation and the froquent 
presence of congenital malformations includ- 
ing a beak-like nose. This very rare type of 
dwarfism is discussed in detail and from 
different points of view. The author advan- 
ces the theory that in the nanocephalic 
dwarf the cells divide more 
slowly than in humans of normal stature, a 
process which begins at an early embryonal 
stage. A part of the monograph is a study in 
developmental anthropology and the book 
is of great value to those who are interested 


normal-size 


in dwarfism in general. 


C. G. Bergstrand, Stockholm 


The Royal Edinburgh Hospital for Sick 
Chi Jren. 

Do: zlas Guthrie and Coll. E. & S. Lilling- 
sto. » Ltd. Edinburgh/London. 75 pages, 
nur orous photos. Price 17/6 net. 


1umber of children’s hospitals in Europe 


anc the United States has now passed their 
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100th anniversary. In Great Britain the 
Hospital for Sick Children in Great Ormond 
Street was the first one to do so (1952), and 
now the turn has come to the Royal Edin- 
burgh Hospital for Sick Children. In com- 
memorating this event this fine jubilee book 
has been published. It gives the history of 
the Hospital, rather common to all similar 
institutions: a private hospital at first housed 
in a rented flat, then, with increasing need 
of beds, a separate building which in its turn 
has been replaced by new buildings with the 
increasing demand on the hospital; initial- 
ly, and for a long time exclusively, run by 
money raised from private persons and pri- 
vate funds, and when these means no lon- 
ger sufficed, supported by official sources. 
The Royal Edinburgh Hospital for Sick 
Children is now ready for a new rebuilding 
and modernization. The recent development 
and the future of the Hospital has found a 
chronicler in the professor of Child Life and 
Health, R. W. B. Ellis and an honourable 
tribute is paid to the leading personalities 
among the physicians, matrons and nurses, 
by some other members of the present staff. 
The Royal Edinburgh Hospital for Sick 
Children is to be congratulated on its achieve- 
ments during its first 100 years and is offered 
best wishes for the future. 


H. Schénenberg. Der Liquor Cerebrospinalis 
im Kindesalter. 


Georg Thieme Verlag. Stuttgart. 1960. Price 
DM 29:—. 


This is a volume of great value for pediatri- 
cians and clinicians, and of interest and help 
for those engaged in research concerning 
the cerebrospinal fuid."If one has to criticise 
it, the fact that the large survey of the litera- 
ture contains only a small proportion of 
authors publishing in other languages than 
in German is unfortunate. The first part con- 
tains important data on the physiology of the 
cerebrospinal fluid with quite detailed de- 
scriptions of certain laboratory methods. In 
the later part the cerebrospinal fluid in dif- 
ferent diseases is described very extensively. 
One can hardly find anything of value missing 
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in this book. This is so because the method 
of writing is rather concentrated. The 156 
pages of facts, and bibliography of 14 pages 
are nicely printed with good photographs in 
black and white. 


O. Wacz-Hockert, Helsingfors 


Nathan B. Talbot M. D., Robert H. Ritchie 
M.D.,and John D. Crawford M. D.; with 
charts by Edith S. Tagrin: Metabolic Ho- 


meostasis. 


Harvard University Press, Cambridge 


1959: 132 pages. 


Described by the authors as “a syllabus 
for those concerned with the care of pati- 
ents’’, this work represents the further state- 
ment of a concept which has been developed 
over the recent years by the group of workers 
at the pediatric department of the Massa- 
chusetts General Hospital. Namely, that of 
a therapeutic approach, in different disease 
states, which aims at the restoration of, or 
for, the body’s disordered 
homeostatic These 
previousely expressed these ideas in pub- 
lished articles concerning rationales of fluid 
renal 


compensation 


workers have 
balance 


therapy and the management of 
disease. 

The present work, 
illustrated with graphs and diagrams, is 


divided into two sections, the first of which 


which is expertly 


deals with the fundamental concepts of the 
normal balance of water and electrolytes. 
In the second section this material is trans- 
lated into its clinical equivalent and applied 
with illustrative cases to the areas of infant 
feeding, parenteral fluid therapy, and renal 
disorders. In addition the authors propose 
the use of surface area rather than the hit- 
herto more commonly used body weight as 
a frame of reference for calculating thera- 
puetic doses in pediatric practice. To facili- 
tate this an easily convertible graph is in- 
corporated by means of which, body weight, 
surface area, and per cent of adult dose, are 
correlated. 

The work is a rational approach towards 


therapy, and has a sound basis in the 
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physiology of the human organism. It is re- 
commended for all those interested in { uid 
and electrolyte balance, particularly per: ons 
concerned with the clinical care of chilcren 
with pertinent disorders. 


Leo Stern, Stockholin 


Kurt Hartung: Strahlenbelastung and 


Strahlenschutz in der padiatrischen Roént- 
gendiagnostik. 


26 figs., 97 tables and 128 pages. Georg 
Thieme Verlag, Stuttgart, 1959. Price: 
18:60 DM 


In the introductory chapters a broad sur- 
vey of the different biological factors that 
are of importance in pediatric radiological 
work is given. These are followed by an ex- 
tensive account of the results of an abundant 
series of measurements of skin doses and 
gonad doses under different conditions. In 
addition a survey of the effect of intentional 
variation of some physical factors of the 
rays is presented. A close screening of the 
measurements have, however, put some doubt 
in the reviewer’s mind as to the applica- 
bility of the results and there are some state- 
ments that need correction. The meaning of 
the “effective value without Pb’’, which is 
fundamental for the evaluation of the results, 
has not been given with enough clarity. ‘The 
sizes of the radiation fields and the thickness 
of the filters have not been defined. The sug- 
gestion to use a low KV as well as a low mA 
is hard to understand. In addition the n 
part of the examinations has been perforn 
in the range of 50 to 60 KV, which does not 
seem to apply to prevalent condition: 
current routine. that 
similarity to urethrocystography requit > 
direct exposure of the gonads, are (! 
scantily or not at all represented in 
author’s series. 

The different suggestions of measure 
increase radiation protection, given in 
last section of the book are well-groun: 2d. 


xaminations, 


Ulf Rudi 
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